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S c h o l l  I J a c k s o n  P h i l i p ,  M .S . ,  December 1976 ̂ ^  C h e m is t ry
V o l a t i l e  Compounds o f  A r t e m i s i a , S e c t i o n  T r i d e n t a t a e  ( S a g e b r u s h ) :
A S tu d y  i n  P l a n t  U t i l i z a t i o n  by  Mule D eer (93 p p . )
D i r e c t o r :  D r.  F re d  S h a f iz a d e h
Eigt^t t a x a  o f  s a g e b ru s h  c o m p r is in g  n in e  c o l l e c t i o n s  from  M ontana 
w ere  exam ined  f o r  am ounts o f  s team —d i s t i l i a b l e  v o l a t i l e  o i l s  and  
f o r  i d e n t i t y  o f  compounds i n  t h e  o i l s .  O i l  am ounts v a r i e d  s e a s o n ­
a l l y ,  w i th  h i g h e s t  o i l  c o n te n t  on a  d ry —w e ig h t  b a s i s  o c c u r r i n g  a t  
t h e  l a t t e r  p a r t  o f  th e  summer. Amounts a l s o  v a r i e d  b e tw e e n  
s p e c i e s ,  w i th  A r t e m is ia  t r i d e n t a t a  g e n e r a l l y  c o n t a i n i n g  t h e  most 
o i l  on a  d ry —w e ig h t  b a s i s .  A ls o ,  t h e  p r e s e n c e  o f  s e v e n  r e g u l a r  
m o n o te rp e n e s  ( ^ —p in e n e ,  cam phene, 0 —p in e n e ,  1 ,8 —c i n e o l e ,  p -  
cymene, t h u j o n e ,  and  camphor) and  f i v e  i r r e g u l a r  m o n o te rp e n es  
( a r t h o l e ,  s a n t o l i n a  e p o x id e ,  Yomogi a l c o h o l ,  a r t e m i s i a  a c e t a t e ,  
and  m e th y l  s a n t o l i n a t e )  was c o n f i rm e d  by  s p e c t r a l  t e c h n i q u e s  from  
o i l s  o f  i n v e s t i g a t e d  t a x a .
A l i t e r a t u r e  r e v ie w  o f  f a c t o r s  a f f e c t i n g  fo o d  p l a n t  s e l e c t i o n  b y  
a n im a ls  was g iv e n ,  w i th  t h e  h y p o t h e s i s  t h a t  p l a n t s  c o n t a i n i n g  h ig h  
l e v e l s  o f  compounds shown t o  i n t e r f e r e  w i th  rumen m ic ro b e s  w i l l  be 
a v o id e d  a s  a  fo o d  s o u r c e ,  r e l a t i v e  t o  p l a n t s  n o t  i n h i b i t o r y  t o  
rumen m ic r o b e s .  V o l a t i l e  o i l s  were i m p l i c a t e d  a s  t h e  compounds 
most l i k e l y  t o  c a u se  d i g e s t i v e  d i s t u r b a n c e s  i n  r u m in a n t s .
Tv;elve a c c e s s i o n s  o f  s a g e b r u s h ,  r e p r e s e n t i n g  e i g h t  t a x a  a t  a n  un­
fe n c e d  p l o t  n e a r  P r i c e ,  U ta h ,  were i n v e s t i g a t e d  w ith _ _ ra sp ec t  t o  
r e l a t i v e  u t i l i z a t i o n  b y  mule, d e e r  and  r e l a t i v e  l e v e l s  o f  e i g h t  
maj~or~vr s la tT le ^ ^ m p o u n d s ' .  S t e p w i s e ^ l i n e a r  r e g r e s s i o n  a n a l y s i s
showed t h a t  15*9 /̂  o f  t h e  v a r i a t i o n  i n  r e l a t i v e  u t i l i z a t i o n  c o u ld  
be  e x p la in e d  b y  r e l a t i v e  l e v e l s  o f  t h e s e  compounds f o r  t h e  f i r s t  
c o l l e c t i o n  d a te  ( O c t o b e r ) ,  and  2 0 .7 ^  o f  th e  r e l a t i v e  u t i l i z a t i o n  
c o u ld  be e x p l a i n e d  by  r e l a t i v e  l e v e l s  o f  t h e  same e i g h t  compounds 
f o r  e i g h t  o f  t h e  tw e lv e  a c c e s s i o n s  on t h e  se c o n d  c o l l e c t i o n  d a te  
(M a rc h ) .  I t  was c o n c lu d e d  t h a t  o x y g e n a te d  compounds ( e s p e c i a l l y  
m e t h a c r o l e i n  and  a r t h o l e )  a r e  more c l o s e l y  r e l a t e d  t o  r e l a t i v e  
u t i l i z a t i o n  t h a n  a r e  h y d ro c a rb o n  m o n o te rp e n e s ,  and  t h a t  t h i s  r e l a ­
t i o n s h i p  i s  i n v e r s e .
The compounds a n a ly z e d  w ere m e t h a c r o l e i n ,  «x—p i n e n e , cam p h en e ,  
p - p i n e n e ,  a r t h o l e ,  1 , 8 - c i n e o l e ,  ^g-cymene, and  cam phor.
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P r i o r  I n v e s t i g a t i o n s
The Ai-teifii i a , s e c t i o n  T r i d e n t a t a e  , coinrnonly known
s a g e b r u s h ,  c o m p r i s e s  a g r o u p  o f  s p e c i e s  d i s t r i b u t ( K i  o v e r  4 2 2 , 0 0 0  s q u a r e  
m i l e s  i n  e l e v e n  w c s t e i a i  s t a t e s  and  Canada  ( l , 2 )  ( s e e  T a b l e  1 ) .  T h i s  
p l a n t  g r o u p i s  c h a r a c t e r i s t i c a l l y  f r a g r a n t *  The v o l a t i l e  compounds o f  
s a g e b r u s h  f a l l  i n t o  t l i c  c l a s s  o f  compounds known a s  m o n o t e r p e n e s .  Only  
one known e x c e p t i o n  t o  t h i s ,  m e t h a c r o l e i n ,  may b e  d e r i v e d  f rom a  mono— 
t e r p e n e  p r e c u r s o r .  N o t h i n g  i s  known o f  t h e  a c t u a l  s y n t h e s i s  o f  m e th a — 
c r o l e i n .  The f i i s t  s e r i o u s  i n v e s t i g a t i o n  o f  t h e  v o l a t i l e  compounds o f  
b i g  s a g e b r u s h  (_A. t r i  d e n t  a t  a ) was b y  Adams and  O a k b e rg  ( 3 ) i  who i d e n ­
t i f i e d  1 - c a m p h o r ,  o d - p i n e n e ,  an d  c i n e o l e .  They  a l s o  n o t e d  a  h i g h l y  
v o l a t i l e ,  u n s t a b l e  a l d e h y i l e  w h ic h  t h e y  named a r t e m i s a l *  I d i r t h e r  work  b y  
K in n e y  e_t ( /])  ’c h a r a . c t e r i z e d  t h e  a l d e h y d e  a s  2—m e t h y l —2—p r o p e n a l
(m f i ty iac ro le  iïi ) . T h i s  work a l s o  i  n v e s t  ig a  t e d  a  m o n o c y c l i c ,  i r ionounsat— 
u r a t e d  a l c o l i o l  w/iicli was named a . r t e r n i s o l , and  s u g g e s t e d  t h e  j> -m e n th a n o l—9 
n io n o te r p e n e  s k e l e t o n  f o r  t h i s  compound ,  a l t h o u g h  t h e  p o s i t i o n  o f  t h e  
d o u b l e  bond  wa,s n o t  d e t e r m i n e d .  Add i t  i o n a l  1 y , t e r p i n e n e  was d i s ­
c o v e r e d  i n  t h e  o i l  o f  A. t r i d e n t  i t  a  *
A l t h o u g h  s e v e r a l  s t u d i e s  ( 5 d ^ » T i )  h a v e  b e e n  made on t h e  v o l a t i l e  
o i l s  o f  many A ï ' t e r n i s i a  s p e c i e s ,  no rnajoi* work p u b l i s h e d  s i n c e  I9 6 0  was 
f o u n d  w h ic h  d o c u m e n t s  e s s e n t i a l  o i l  c o n t e n t  o f  t h e  s e c t i o n  T r i d e n t a t a e  
o f  h li i s g e n u s .  Nagy ( 2 )  l e  p o r t  rd  o(.—pi, rw'ne , ^  —p i  ne no , 1 , 8 —c i n e o l e ,
1
TABLE 1 .  The S e c t i o n  T r i d e n t a t a e  h y  B e e t l e  ( I 96O) and  B e e t l e  a n d  
Young ( 1965 )
Genus : A r t e m is i a
S e c t i o n :  T r i d e n t a t a e
A. h i g e l o v i i  G ray
Synonym: A. p e t r o p h i l a  Wooten and  S ta n d le y
A. pygmaea G ray
A. nova N e lso n
Synonym: A. t r i d e n t a t a  s s p .  nova H a l l  and  C lem ents
A. t r i d e n t a t a  v a r .  nova McMinn
A. a r h u s c u l a  s s p .  nova Ward
A. a r b u s c u l a  N u t t a l l  s s p .  a r h u s c u l a
Synonym: A. t r i d e n t a t a  s s p .  a r h u s c u l a  H a l l  and  C lem ents
A. t r i d e n t a t a  v a r .  a r h u s c u l a  McMinn
A. a r h u s c u l a  s s p .  t h e r m o p o la  B e e t l e
A. t r i d e n t a t a  s s p .  t r i d e n t a t a
Synonym: A. t r i d e n t a t a  v a r .  a n g u s t i f o l i a  G ray
A. a n g u s t a  R ydherg
A. t r i d e n t a t a  s s p .  t y p i c a  H a l l  and  C lem en ts
A* t r i d e n t a t a  s s p .  w y o m in g en sis  B e e t l e  and  Young, 19^5
A. t r i d e n t a t a  s s p .  t r i d e n t a t a  f .  p a r i s h i i  (G ray )  B e e t l e  
Synonym: A. p a r i s h i i  Gray
A. t r i d e n t a t a  s s p .  p a r i s h i i  (G ray )  H a l l  and  C lem en ts  
A. t r i d e n t a t a  v a r .  p a r i s h i i
A. t r i d e n t a t a  s s p .  v a s e y a n a  ( R ydh . )  B e e t l e  
Synonym: A. v a s e y a n a  R ydherg
A. t r i d e n t a t a  s s p .  v a s e y a n a  (R y d h .)  B e e t l e  f .  s p i c i f o r m i s  ( O s t e r h o u t )  
B e e t l e
Synonym; A. s p i c i f o r m i s  O s te rh o u t
A. l o n g i l o h a  ( O s t e r h o u t )  B e e t l e
Synonym: A. s p i c i f o r m i s  l o n g i l o h a  O s te rh o u t
A. r o t h r o c k i i  Gray
Synonym: A. t r i d e n t a t a  s s p .  r o t h r o c k i i  H a l l  an d  C lem en ts  
A. t r i d e n t a t a  v a r .  r o t h r o c k i i  McMinn
TABLE 1 # c o n t i n u e d
A. c a n a  P u rsh  s s p .  c a n a
Synonym : A. c o lu m b ie n s i s  N u t t a l l
A. c a n a  ssp .  v i s c i d u l a  ( O s t e r h o u t )  B e e t l e
Synonym: A. c a n a  v a r .  v i s c i d u l a  O s te rh o u t
A. c a n a  s s p .  h o l a n d e r i  (G ray )  Ward 
Synonym: A. h o l a n d e r i  Gray
A. t r i d e n t a t a  v a r .  h o l a n d e r i  McMinn 
A. t r i d e n t a t a  s s p .  h o l a n d e r i  H a l l  and  C lem ents
A. r i # i d a  ( N u t t • )  Gray
Synonym: A. t r i f I d a  h e t a  r i ^ i d a  N u t t .
A. t r i p a r t i t a  R y d h erg  s s p .  t r i p a r t i t a  
Synonym: A. t r i f i d a  N u t t .
A. t r i p a r t i t a  s sp *  r u p i c o l a
A. a r g i l o s a  B e e t l e
( % - t e r n i n e n c ,  di. p o n t e  n e , j ^ c y m e n e ,  c a m p h o r ,  a n d  p u l e g o n e  f rom t h e  o i l  o f  
il* t r i d e n t a t a  a n d / o r  _A. nova ; h u t  t h e s e  compounds w e re  o n l y  t e n t a t i v e l y  
i d e n t i f i e d ,  u s in ^ -  i * e f e r e n c e  com p o u n d s .  BaritViorpe ( 9 )  i n v e s t i g a t e d
A r t e m i s i a  s p e c i e s ,  o n l y  one o f  w h ic h  (A .  c a n a )  b e l o n g s  t o  t h e  s e c t i o n  
T r i d e n t a t a e . lie r e p o r t e d  camphoi- a n d  1 ,8 —c i n e o l e  w i t h  m i n o r  am oun ts  
( f i v e  p e r c e n t  oi- l e s s )  o f  n e r a l , c i t r a l  , c t - t e r p i n e n e  , a n d  s ab  i  ne ne i n  
A. c a n a . K p s t e i n  and P o u l t e r  ( 1 0 )  r e v i e w e d  t h e  i r r e g u l a r  m o n o t e r p e n e s  
a n d  c i t e d  tw o  c o m p o u n d s ,  a r t e m i s i a  k e t o n e  ( f rom A. a r h u s c u l a ) and  
s a n t o l i n a  t r i e ne ( f r o m  A. n o v a , A, a r b u s c u l a , a n d  A. t r i d e n t a t a ) f rom 
t h e  s e c t i o n  T r i d e n t a t a e .  Sliaw, N o b l e ,  and  E p s t e i n  ( l l )  a n d  I l o e r g e r  ( 1 2 )  
r e p o r t e d  m e t h y l  ( 2 h ) , ( 3 S ) - 2 , 5 - d i m e t h y l - 3 “ V in y lh e X “ 4 - e n o a t e  ( m e t h y l  
s a n t o l i n a t e )  1‘rom a .  t  r i d e n t  a t  a .
B i o s y n t h e s i s
The b i o s y n t h e s i s  o f  m o n o t e r p e n e s  i s  t h o u g h t  t o  o c c u r  i n  two 
g e n e r a l  w a y s . The s o - c a l l e d  r e g u l a r  m o n o t e r p e n e s  a r i s e  f rom  a  " h e a d —t o — 
t a i l "  c o n d e n s a t i o n  o f  one i s o p e n t e n y l  T^yrophosphate  ( l )  u n i t  w i t h  one 




T h e s e  two  5—c a r b o n  com pounds ,  w h ic h  a r e  r e a d i l y  i n t e r c o n v e r t  l b ] e , a r i s e  
fror/i t h e  c o n d e n s a t i o n  o f  t h r o e  a c e t a t e  ^Toups  f rom  a c e t y l - c o e n z y r n e  A, t o  
form Ç “ h y d r o r y - Q - r n e t h y l f ' ^ l i i t a r y l  coenzyme A ( i V ) .  T h i s  compound i s  i r -  
r c v e i ’s i b l y  r e d u c e d  t o  m e v a l o n i c  a c i d  ( V ) ,  v/hich c a n  be  s u c c e s s i v e l y  
p h o s p h o i - y l a t e d  t o  y i e l d  t h e  u n s t a b l e  i n t e r m e d i a t e  ( V l ) ,  T h i s  i n t e r m e d ­











The compound g e r a n y l  p y r o p h o s p h a t e  (V T I;  b e l o w )  i s  t h o u g h t  t o  
g i v e  r i s e  t o  a c y c l i c  ( r e g u l a r )  m o n o t e r p e n e s ; w h i l e  i t s  2- c i s  i s o m e r ,
n e r y l  p y r o p h o s p h a t e  ( V I l l )  y i e l d s  t h e  c y c l i c  ( r e g n l a r )  m o n o t e r p e n e s ,  a c ­
c o r d i n g  t o  R u z i c k a  ( 1 3 ) a n d  B a n t l i o r p e  e t  al_. ( I4 ) ( d i a g r a m  from r e f e r e n c e
1 4 , p-  11 ? ;  s e e  on ]i)age 6 ) .
I n  c o n t r a s t  t o  t h e  " h e a d - t o - t a i l "  c o n d e n s a t i o n  o f  two d i f f e r e n t  
p—c a r b o n  u n i t s  t o  forfn t i j e  p r e c u r s o r  o f  r e g u l a r  m o n o t e r p e n e s , t h e  i i ’— 
r e g u l a r  m o n o t e r p e n e s  a r e  t h o u g h t  t o  be  fo r m e d  b y  a  " t a i l —t o —m i d d l e ” c o n ­












w h ic h  c a n  f u i ' t h e r  r e a c t  t o  fo rm  t h e  l a v a r i d u l y l  (x) , c h r y s a n t h e m y l  ( X l )  , 





- P j P :
(X I)
Compounds o f  t h e  a r t e m i s y l ,  s a n t o l i n y l ,  and  c h r y s a n t h e m y l  t y p e s  
a r e  r e p o r t e d  t o  o c c u r  o n l y  i n  t l i e  t r i b e  A n th e m id e a e  o f  t h e  C o m p o s i t a e  
( A s t e i a c e a e ) f fu i i i ly  o f  p l a n t s ,  w l i i l e  t h e  l a v a n d u l y l  ^ r o u p  o c c u r s  o u t s i d e  
t h i s  f . i i i i i ly  ( 1 0 ) ,  Althou^di v e r y  l i t t l e  c x p e i ’inionta],  work  h a s  b e e n  done  
on t h e  t r u e  b i o s y n t h e t i c  p a th w ay  o f  ir i 'e ;-p ila , r  monot o r  p e n e s , work  b y
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Crom bie  e_t ( 1 5 ) h a s  shown c l e a v a g e  o f  t h e  c h r y s a n t h e m y l  s k e l e t o n  t o  t h e
o t h e r  t h r e e  s k e l e t a l  t y p e s  u n d e r  v a r y i n g  c h e m i c a l  c o n d i t i o n s .
O b j e c t i v e
I'he p u r p o s e  o f  t h i s  work  was t o  i d e n t i f y  t h e  c o m p o n en t s  o f  t h e  
v o l a t i l e  o i l  o f  t h e  more w i d e s p r e a d  s a g e b r u s h  t a x a .  W hile  work  h a s  b e e n  
done  on t a x a  i n  t h e  s p e c i e s  A ,  t r i d e n t a t a , v e r y  l i t t l e  i n f o r m a t i o n  e x i s t s  
c o n c e r n i n g  t h e  v o l a t i l e  o i l s  o f  A. n o v a , A. a r b u s c u l a , A. t r i p a r t i t a , 
o r  A. l o n g i l o b a . T h i s  s t u d y  was n e c e s s a r y  p r i o r  t o  e x a m i n i n g  t h e  e f f e c t s  
w h ic h  s a g e b r u s h  v o l a t i l e s  m ig h t  h a v e  u p o n  p r e f e r e n t i a l  u t i l i z a t i o n  b y  
mule d e e r .
C h a p te r  I I  
EXPERIMENTAL
l'^'cnh ra^'^obrur.h a t  erne wore h a n d  ( f l i p p e d  i n  t iie f i e l d  a n d  p a c k e d  
i n  p l a a t i c  h a ^ a  on d r y  i c e  f o r  t r a n s p o r t  t o  t h e  l a b o r a t o r y .  T h i s  was 
clone t o  p r e v e n t  l o s s  o f  v o l a t i l e  c o m p o n en t s  ( 8 ) .  S team d i s t i l l a t i o n  was 
em p lo y ed  t o  o b t a i n  v o l a t i l e  o i l s  o f  p l a n t  m a t e r i a l .  T h i s  technicp-ie  r e ­
l i e s  u p o n  t h ; f a c t  t h a t  two i m m i s c i b l e  l i q u i d s  e x e r t  v a p o r  p r e s s u r e s  
which  sum t o  t h e  t o t a l  a t m o s p h e r i c  p r e s s u r e  a t  a  g i v e n  t e m p e r a t u r e *  T h i s  
r e s u l t s  i n  t h e  v a p o r i z a t i o n  o f  b o t h  co m p o n en t s  a t  a  t e m p e r a t u r e  b e lo w  t h e  
n o rm a l  b o i l i n g  p o i n t  o f  e i t h e r  com ponen t  c o n s i d e r e d  s e p a r a t e l y ,  a n d  
o l l c a . s  f o r  s e p a r a t i o n  o f  r e l a t i v e l y  n o n - v o l a t i l e  compounds ( l 6 ) .  P r e ­
l i m i n a r y  r e s u l t s  showed l i t t l e  q u a l i t a t i v e  d i f f e r e n c e  b e t w e e n  s t e a m -  
d i s t i l l e d  o i l  a n d  o i l  o b t a i n e d  b y  s o l v e n t  e x t r a c t i o n .  A l s o ,  s t e a m  d i s ­
t i l l a t i o n  was c h o s e n  a s  t h e  m e th o d  o f  s e p a r a t i o n  beca iuse  s o l v e n t  e x t r a c ­
t i o n  a ] s o  removed f a t s ,  w a x e s ,  a n d  some c h l o r o p h y l l .  T h e se  e x t r a n e o u s  
compounds  a r e  n o n - v o l a t i l e  and  w o u ld  b e  h a r m f u l  t o  a  c l i ro m a to g ra p } i i c  
co lum n i f  i n t r o d u c e d  i n  l a r g e  a m o u n t s .
The s t e a m - d i s t i l l a t i o n  a p p a r a t u s  ( I ' ign i re  l )  c o n s i s t e d  o f  a 
t h r e e - n e c k ,  t h r e e - l i t e r ,  r o u n d - b o t t o m  f l a c k  i n t o  t h e  c e n t e r  n e c k  o f  w h ich  
a l a r g e  ( 3 5 0  ml)  Oo^dile t  e x t r a c t i o n  a p p a r a t u s  was f i t t e d .  T h i s  S o x l i l e t  
a p p a r a t u s  h a d  t h e  v e n t  arm p l u g g e d  t o  f o r c e  a l l  s t e a m  t h r o u g l i  t h e  
s i p h o n  a r m ,  a n d  i n t i ’oduce  i t  u n d e r  t l i e  p l a n t  m a t e r i a l .  A r u b b e r  g a s k e t  
h e l d  a n  a d a p t e r  l i d  t o  t h e  E o x h l e t , and  a  c o l d  w a t e r  c o n d e n s e r  w i t h
'X ,
if
Figure 1. S team  distillation a p p a ra tu s
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D e a n - S t a r k  o i l  t r a p  was p l a c e d  i n t o  t h e  a d a p t e r  l i d .  I n i t i a l l y ,  t h e  a p — 
pa r a t  I] 3 was n o t  i n s u l a t e d  , and  a l l  d a t a  on p e r c e n t a g e  o i l  on t h e  b a s i s  
o f  p l a n t  m a t e r i a l  d i s t i l l e d  i s  c a l c u l a t e d  w i t h  a n  u n i n s u l a t e d  a p p a r a t u s .  
Latf>r i n s u l a t i o n  o f  t h e  f l a i ' k ,  S o x h l e t  a p p a r a t u s ,  an d  l o w e r  arm o f  t h e  
o i l  t i ‘:ip chov/ed t h a t  o i l  r e c o v e r y  c o u l d  b e  i n c r e a s e d  som ew ha t .
R e p a r a t i o n  o f  o i l  was p e i ' f o im e d  on f r e s h  p l a n t  m a t e r i a l ,  w h ic h  
was f i e l d —f r o z e n  an d  k e p t  i n  a  f r e e z e r  u n t i l  j u s t  p r i o r  t o  d i s t i l l a t i o n .  
L e a v es  a n d  s Lems o f  c u r i e n t  y e a r ' s  g ro w th  were  g r o u n d  i n  a  Model /)—W 
Q u a k e r  C i t y  k i l l  a n d  p l a c e d  on a w i r e  s c r e e n  a b o v e  t h e  s i p h o n  l e v e l  o f  
t h e  S o x h l e t  a p p a r a t u s .  P o w e l l  ( l ? )  s t a t e d  t h a t  h i g h e r  o i l  y i e l d s  a r e  
o b t a i n e d  i f  l e a v e s  a r e  n o t  s u b m er g ed  i n  w a t e r .  D i s t i l l a t i o n  was c a r r i e d  
ou t  f o r  f rom  two t o  f o u r  l i o u r s ,  o r  u n t i l  no o i l  a c c u m u l a t e d  a b o v e  t h e  
w a t e r  o f  d i s t i l l a t i o n .  I n  mos t  c a s e s ,  two h o u r s  was s u f f i c i e n t .  O i l  
v;as rem oved  f rom  t h e  o i l  t r a p  a n d  d r i e d  o v e r n i g h t  i n  a  v i a l  i n s i d e  a  
d e s s i c a t o r  c o n t a i n i n g  e i t l i o r  o r  MgSO^. P h o s p h o r o u s  p e n t o x i d e  d a r k ­
e n e d  c o n s i d e r a b l y  a f t e r -  e x p o s u r e  t o  o i l  v a p o i ' s  so  t h e  l e s s  r e a c t i v e  
magnes ium  s u l f o . t e  was u s e d  a s  a  d r y i n g  a g e n t .  A f t e r  d r y i n g ,  t h e  o i l  was 
s t o r e u  i n  a i r - t i g h t  h y p o v i a l s  i n  a  f r e e z e r  ai, —l^ ^ C .
The o i l  was a n a l y z e d  u s i n g  a  V a r i a n  A e r o g r a p h  Model I 8 OO g a s  
c h r o m a t o g r a p h ,  e q u i p p e d  w i t h  a f l a m e  i o n i z a t i o n  d e t e c t o r  , a t t a c h e d  t o  
e i t h e r  a  V a r i a n  A e r o g r a p h  o r  A u t o l a b  Model 6 3 OO d i g i t a l  i n t e g r a t o r .
C o n d i t i o n s :  Carbowax POM(TPA) 5 /  Gas—Chrom Q, 1 0 0 / l 2 0  m esh ;
1 / 8  i n c l i  s t a i n l e s s  s t e e l  by  0 , 1 0 , o r  I4 f o o t  c o lu m n ;  c a r r i e r  g a s ,
25 m l /mi  n .  T e m p e r a t u r e ,  ^0^—220^C,  l O ^ c / m i n .
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V/hon r e f e r e n c e  compounds w e re  a v a i l a b l e ,  r e t e n t i o n  t i m e  was u s e d  a s  one 
m e thod  o f  i d e n t i f i c a t i o n ;  h o v /e v e r ,  t h i s  p r o v e d  t o  be  a  t e n t a t i v e  m e thod  
o n l y .
I n  m.-.Lny c a s e s ,  o i l  c o m p o n en t s  w e re  i d e n t i f i e d  b y  mass  s p e c — 
i . i 'o ine t ry  a l o n e .  I f  a  compound c o u l d  n o t  be i d e n t i f i e d  b y  r e t e n t i o n  t i m e  
aïid I'-IS, l a r g e r  a m o u n ts  o f  i t  w e re  i s o l a t e d  b y  p r e p a r a t i v e  ^ a s  c h r o m a -
to ^ a v jp h y .  A H e w l e t t - P a c k a r d  Model 575^  c h r o m a t o g r a p h  was u s e d ,  an d
^C) t o  100 m i e r o l i t e r s  o f  o i l  was i n j e c t e d  p e r  r u n ,  d e p e n d i n g  u p o n  t h e  
amount v/hicli c o u l d  be  cd e:Lnly s e p a r a t e d .  J'ls e a c h  compound o f  i n t e r e s t  
emerged  from t h e  e f f l u e n t  p o r t ,  i t  was c o l l e c t e d  i n  a  s m a l l  amount  o f  
c a r b o n  t e t r a c h l o r i d e  }ield i n  a  d r y  i c e —a c e t o n e  b a t h ,  o r  i n  a  2—dram 
v i a l  h e l d  on i c e .  V/lien s u f f i c i e n t l y  p u r e  ( > f b y  a n a l y t i c a l  G . C . ) ,  
compounds  w e re  a n a l y z e d  u s i n g  IH (Beckman A c c u l a b —2 o r  IK—33 i n f r a r e d  
s p e c t r o p h o t o m e t e r )  o i ‘ IdlK ( V a r i a n  KM—360 o r  KM—3^0 n u c l e a r  m a g n e t i c  
r e s o n a n c e  s p e c t r ' o m e t c r ) m e t h o d s .
In  add i t  i o n  t o  i d e n t i f i c a t i o n  o f  v o l a t i l e  o i l  c o m p o n e n t s ,  a  
com p a r  is. on o f  t o t a l  o i l  c o n t e n t  o f  v a r i o u s  s a g e b r u s h  t a x a  was made.  T h i s
c o m p a r i s o n  d o c s  n o t  r e f l e c t  t h e  t o t a l  v o l a t i l e  c o n t e n t  o f  t h e  p l a n t ,
s i n c e  c e r t a i n  compounds  e v o l v e d  f rom  t h e  l e a v e s  u p o n  h e a t i n g  w e re  n o t  
p r e s e n t  i n  t h e  d i s t i l l e d  o i l .  Ten  t o  t w e n t y  g ram s  o f  l e a v e s  w e re  
W'Ci.g/Lod f i ' c s h ,  d r i e d  i n  an  oven  s e t  a t  110 f o r  a t  l e a s t  24 h o u r s ,  an d  
t h e n  r e w e i g l i e d .  P e r c e n t  m o l i r l u r e  c o n t e n t  was c a l c u l a t e d  u s i n g  t h e  
fo rm u la .  :
C o n d i t i o n s :  Carbow<ax 2(^M(TPA) 1 d/u on ( la s—Chrom Q G O /Q O  m e sh ;
1 /4  i n c h  by  12 f o o t  s t a i n l e s s  s t ^ r d  c o lu m n ;  N.-, c a r r i e r  g a s ,  30  m l / r n in .  , 
v a r i a b l e  t tn n p e r a t u r e  programmi n g .
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( frn s li  ) - (  oveii-c lry  wei/çht ) ^
o v e n -d r y  w ei^ lit
P e ro c i r l  o i l  on an  m nm —(.ii-y w e i^ l i t  d a n  15 wan c a l c u l a t e d  u o i n ^  t h e  
forin-uln :
( l  + (v/ei^’h t  o f  o i l  c o l l e c t e d )
f r e r l i  w e i ; h t  o f  l e a v e s  d i s t i l l e d X TOO.
Chapter III 
RESULTS AUR DISCUSSION
The am ounts  o f  o i l  o b t a in e d  from v a r i o u s  p l a n t s  i s  shown i n  
T a b le  2 .  E x c e p t  w here n o t e d ,  s e v e r a l  ( 2 —10) p l a n t s  from  t h e  same p o p u la ­
t i o n  w ere u s e d  f o r  o i l  c o l l e c t i o n .
The o i l  v a lu e  f o r  A. t r i d e n t a t a  s s p .  v a s e y a n a  (G ra s s  V a l l e y )  
c o l l e c t e d  d u r i n g  w i n t e r  ( J a n u a r y  6) was lo w e r  t h a n  any  o f  t h e  o t h e r  
sam p les  o f  t h i s  t a x o n ,  w hich  w ere  c o l l e c t e d  d u r in g  t h e  g ro w in g  s e a s o n .  
Nagy (8 )  c i t e d  a  g r a d u a l  i n c r e a s e  i n  o i l  c o n te n t  from a p p r o x im a te ly  two 
t o  t h r e e  and  a  h a l f  p e r c e n t  d u r i n g  t h e  p e r i o d  from May t o  A u g u s t ,  t h e n  
a  d e c r e a s e  d u r i n g  t h e  dorm ant p e r i o d  from  O c to b e r  t o  May. W hile 0«59 
p e r c e n t  may be somewhat low f o r  J a n u a r y ,  t h e  t r e n d  does  r e f l e c t  o i l  
v a r i a t i o n  a s  i t  h a s  b e e n  r e p o r t e d  ( 8 ,1 7 * 1 8 ) '
The v a r i a t i o n  i n  o i l  c o n t e n t  b e tw een  t a x a  h a s  a l s o  b e e n  s t u d i e d
by  Nagy ( 8 )  an d  b y  P ow ell  ( 1 7 ) «  The r e s u l t s  r e p o r t e d  f o r  A. c a n a , A.
l o n g i l o b a , an d  A. nova b y  P ow ell a r e  v a r i a b l e  (o n  a  p l o t - w i s e  b a s i s )  
f o r  S e p te m b e r ,  b u t  t h e  g e n e r a l  t r e n d  shows a  d e c r e a s e  i n  o i l  c o n t e n t  i n
t h e  o r d e r  A. c a n a  A. nova A. l o n g i l o b a . A l l  c o l l e c t i o n s  o f  A.
t r i d e n t a t a  c o n t a i n e d  o i l  i n  l a r g e r  amount t h a n  t h e  o t h e r  t h r e e  s p e c i e s .  
A d d i t i o n a l l y , Nagy (8 )  r e p o r t e d  a  u n i f o r m ly  l a r g e r  o i l  c o n te n t  f o r  A. 
t r i d e n t a t a  t h a n  A. n o v a . These  t r e n d s  a r e  a l s o  s e e n  i n  t h e  Montana 
c o l l e c t i o n s .  IVhile g r e a t  b e tw e e n —s i t e  v a r i a t i o n  f o r  a  g iv e n  s p e c i e s  i s  
t h e  r u l e  ( l 7 ) i  one s e e s  a  g e n e r a l  t r e n d  i n  o i l  c o n t e n t  f o r  d i f f e r e n t  
s p e c i e s  t h a t  i s  i n  ag re e m e n t b e tw e e n  t h i s  s t u d y  and  p r e v io u s  o n e s .
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table 2 .  P e rc e n ta g e s  o f  S t e a m - d i s t i l l e d  O il  on a  D ry-w eight B a s i s ,  f o r  V ario u s  P la n t s  a t  D i f f e r e n t  
C o l l e c t i o n  Times
S p e c ie s L o c a t io n Township Range S e c t io n Date P e rc e n t  O il
A. t r i d e n t a t a  s s p .  vaseyana** G rass  V a l le y T13N R20W 10 6 /1 6 /7 5 1 . 62*
A. t r i d e n t a t a  s s p .  v asey an a G rass  V a l le y T13K R20W 10 6 /2 8 /7 5 1 . 62a
A. t r i d e n t a t a  s s p .  vasey an a G rass  V a l le y T13N R20W 10 8 /7 /7 5 2.02%
A. t r i d e n t a t a  s s p .  v a sey an a G rass V a l le y T13N R20W 10 1/ 6 /76 0 . 59*
A. t r i d e n t a t a  s s p .  v ase y a n a Homestake T2N R6W 20 7/ 22/75 1.86
A. t r i d e n t a t a  s s p .  t r i d e n t a t a Per ma TI9N R23W 31 7/ 10/75 3 . 26C*
A. t r i d e n t a t a  s s p .  wyom ingensis W h ite h a l l T2N R4W 36 7/ 22/75 3 . l 8 d
A. a rb u s c u la  s s p .  a r b u s c u la Badger Pass T7S R11W 11 8/ 13/75 1.71
A. lo n g i lo b a F ren ch  Creek T2N R12W 10 8 /1 3 /7 5 0 .7 7
A. nova Sheep Creek T13S R10W 36 9/ 13/75 1.21
A. nova S ap p in g to n  B ridge TIN R1W 32 7 /2 2 /7 5 0 .68*
A. cana s s p .  cana S ap p in g to n  B ridge TIN R1W 32 7/ 22/75 2 . 39c
A. cana s s p .  cana Canyon Creek B ridge T1N R25E 35 9 /2 8 /7 5 2 .22
A. t r i p a r t i t a  s s p .  t r i p a r t i t a Snowline In te rc h a n g e T14S R7W 17 9 / 13/75 2.91
^ A u th o r i t i e s  a r e  B e e t le  (1 )  and B e e t l e  and Young (2) 
*One p la n t  o n ly  
^3 d e te r m in a t io n s  
^2 d e te r m in a t io n s  
A f re sh ;  2 .56  , l e a v e s  d r i e d  6 days 
f r e s h ;  3 *0 5 # le a v e s  d r i e d  14 daysa
f r e s h ;  1*32, l e a v e s  d r i e d  9 days
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P o w e ll  ( 17) a l s o  r e p o r t e d  a  l o s s  o f  o i l  o f  4 3 -4 4  p e r c e n t  upon  a i r  
d r y i n g  l e a v e s  o f  A. t r i d e n t a t a  f o r  f o u r t e e n  d a y s .  The r e s u l t s  i n  t h i s  
s t u d y  f o r  a i r - d r y  A. t r i d e n t a t a  s s p .  w yom ingensis  l e a v e s  show v e r y  l i t t l e  
d e c r e a s e  (5?^) 1 w h i le  t h e  o i l  c o n t e n t  f o r  A. t r i d e n t a t a  s s p .  t r i d e n t a t a  
a n d  A. c a n a  s s p .  c an a  showed a  27 p e r c e n t  and  a  45 p e r c e n t  d e c r e a s e ,  f o r  
s i x  and  n in e  days* d r y i n g ,  r e s p e c t i v e l y .  The sem i—q u a n t i t a t i v e  n a t u r e  
o f  s team  d i s t i l l a t i o n  and  number o f  o b s e r v a t i o n s  ( t h r e e )  b o th  c o n t r i b u t e  
t o  t h e  v a r i a t i o n .
T a b le  3 shows t h e  p e r c e n t  c o m p o s i t io n  o f  i n d i v i d u a l  m o no terpene  
compounds i n  s t e a m - d i s t i l l e d  o i l s  f o r  e i g h t  p l a n t  t a x a  a n a ly z e d ,  b a s e d  
upon  i n t e g r a t o r  c o u n t s .  A lth o u g h  t h e  am ounts o f  e a c h  c o n s t i t u e n t  i s  
v a r i a b l e ,  t h e  u n i fo rm  p r e s e n c e  o f  ot.—p in e n e ,  cam phene, 1 , 8 - c i n e o l e ,  and  
camphor s u p p o r t s  t h e  g e n e t i c  r e l a t i o n s h i p  b e tw e e n  t a x a  s t u d i e d .  I n  a l l  
c a s e s ,  i d e n t i t y  o f  compounds was c o n f i rm e d  b y  MS. I n  s e v e r a l  c a s e s  
( e . g .  o i l  o f  A. t r i d e n t a t a  s s p .  w y o m in g e n s is ) , o v e r  t h i r t y  compounds 
w ere  s e p a r a b l e  on a n  e i g h t - f o o t  a n a l y t i c a l  G .C . co lum n, and  many re m a in  
u n i d e n t i f i e d .  The s e p a r a t e d  f r a c t i o n s  w ere i d e n t i f i e d  from l e a v e s  c o l ­
l e c t e d  d u r i n g  t h e  p e r i o d  J u n e -S e p te m b e r ,  1975i e x c e p t  f o r  A. l o n g i l o b a , 
w hich  was c o l l e c t e d  i n  J u n e  and  A u g u s t ,  1975*
I n  a d d i t i o n  t o  t h e  s t e a m - d i s t i l l a b l e  compounds i d e n t i f i e d  from 
s a g e b r u s h ,  m e t h a c r o l e i n  ( 2 - m e th y lp r o p e n a l )  was i d e n t i f i e d  b y  mass 
s p e c t r o m e t r y  and  c o -c h ro m a to g ra p h y  from  A. t r i d e n t a t a  s s p .  w y o m in g e n s is . 
S in c e  t h i s  compound was n o t  i s o l a t e d  from  t h e  s te a m  d i s t i l l a t e ,  a  mass 
s p e c t ru m  was o b t a i n e d  from  f r e s h  l e a v e s  o f  a  p o o l  o f  f o u r  d i f f e r e n t  
p l a n t s  b y  t h e  h e a d s p a c e  v o l a t i l e  m ethod u s e d  i n  P a r t  B . A f t e r  a  s u f ­
f i c i e n t  h e a t i n g  t im e  (>20  m i n u t e s ) ,  t h r e e  m i l l i l i t e r s  o f  a i r  was
TABLE 3* P e rc e n ta g e s  ( I n t e g r a t o r  C ounts)  o f  Components i n  S t e a m - d i s t i l l e d  O i ls  o f  D i f f e r e n t  Montana 
Sagebrush  Taxa, i n  O rder o f  I n c r e a s i n g  R e te n t io n  Time on a  Carbowax 20M(TPA) Column
Taxon L o c a t io n  Township Range S e c t io n  d -F in e n e  Camphene 0- P i nene A r th o le  1 ,8 -C in e o le
A. t r i d e n t a t a  s s p .  vaseyana  
A. t r i d e n t a t a  s s p .  vasey an a  
A. t r i d e n t a t a  s s p .  t r i d e n t a t a  
A. t r i d e n t a t a  s s p .  wyomingensis IV hiteha ll  
A. nova
A. cana s s p .  cana
A. a rb u s c u la  s s p .  a rb u s c u la  
A. t r i p a r t i t a  s s p .  t r i p a r t i t a
A. lo n g i lo b a
G rass  V a l le y T13N R20W 10 0 .8 3 .1 0 .3 7 .0 17.9
T r a i l  Creek T2S R17W 18 2 .8 7 .3 2.1 — 8 .6
Perma T19N R23W 31 1.9 1.1 ------ 0 .8 7 .8
T2N R4W 36 1.8 4 .1  . - —— 5 .4 10.4
Sheep Creek T13S R10W 36 25.5 3 .3 ------ ----- 3 .5
S a p p in g to n TIN R1W 32 4 .2 6 ,4 2 .0 ' ------ 22.6
B ridge
B adger Pass T7S R11W 11 6 .5 7.3 1.6 6 .8 1.7
Snowline T14S R7W 17 2.1 9 .9 1.5 2 .0 2 .2
In te rc h a n g e
French  Creek T2N R12W 10 6.9 1.2 ------ ----- 6 .5
Taxon S a n to l in a  Yomogi A r te m is ia  Methyl P e rc e n t
A. t r i d e n t a t a  s s p .  v asey an a 1 .0 2 .4 — ----- 5 .0 34 .4 28.1
A. t r i d e n t a t a  s s p .  v asey an a ----- — ----- ——— — 16.3 50 .9 12.0
A. t r i d e n t a t a  s s p .  t r i d e n t a t a 0 .4 15.6 4 .8 9 .1 4 .3 ■ 34 .4 3 5 .2
A. t r i d e n t a t a  s s p .  wyom ingensis 0 .8 5.1 — — ----- — 3 0 .0 4 2 .4
A. nova 7 .4 4 0 .4 19.8
A. cana s s p .  cana 4 7 .5 17.3
A. a r b u s c u la  s s p .  a r b u s c u la ----- 1.9 — — 1.7 — 52.9 24 .0
A. t r i p a r t i t a  s s p .  t r i p a r t i t a ----- —— — ...... — — 5 8 .7 23.6
A. lo n g i lo b a —— —— — 4 8 .2 2.9 —— 2.5 28.7
o\
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w ith d ra w n  from  t h e  b o t t l e  an d  i n j e c t e d  o n to  a n  a n a l y t i c a l  G.C. colum n con­
n e c t e d  t o  t h e  V arianM at 111 Mass S p e c t r o m e te r .  Mass s p e c t r a  f o r  a u t h e n t i c  
m e t h a c r o l e i n  ( A l d r i c h  C hem ical Company)| s a g e b ru s h  m e t h a c r o l e i n ,  and  t h e  
s p e c t ru m  r e p o r t e d  i n  t h e  A t l a s  o f  Mass S p e c t r a l  D ata  ( 19) a r e  shown i n  
F ig u r e  2 .  The m a jo r  d i f f e r e n c e s  b e tw e e n  t h e s e  s p e c t r a  a r e  t h e  r e p l a c e ­
ment o f  m /e=41 a s  t h e  b a s e  peak  i n  t h e  s t a n d a r d  and  r e p o r t e d  s p e c t r a  
w i th  m/e=43 i n  t h e  s a g e b ru s h  s p e c t r u m , and  t h e  p r e s e n c e  o f  a  s t r o n g  
m /e=98 i a  t h e  s a g e b ru s h  s p e c t ru m .  S in c e  m/e=43 i s  o f t e n  en h an ced  i n  
b a c k g ro u n d  r u n s ,  i t s  p r e s e n c e  i n  g r e a t e r  q u a n t i t y  i n  t h e  s a g e b ru s h  s p e c ­
tru m  c o u ld  be due a t  l e a s t  p a r t i a l l y  t o  t h e  random v a r i a b i l i t y  o f  t h e  
b a c k g ro u n d .  The p r e s e n c e  o f  t h e  m /e -5 0  p e a k ,  w hich  c o r r e s p o n d s  t o  a n  
im p ro b a b le  l o s s  o f  12 u n i t s  from t h e  m o le c u la r  io n  o f  m e t h a c r o l e i n  
(Mr=7 0 ) ,  may a r i s e  from  f r a g m e n t a t i o n  o f  t h e  m e t h a c r o l e i n  d im e r ,
CqH^2^2 (mw=140 ) ;  i n t o  a  n e u t r a l  f ra g m e n t  o f  m = 82 and  t h e  o b s e rv e d  
m/e=58* The a l t e r n a t e  f r a g m e n t a t i o n ,  w h e re in  m/4 =82 o c c u r s ,  w ould  ex­
p l a i n  t h e  peak  a t  t h i s  m/e v a lu e  on t h e  s a g e b ru s h  mass s p e c t ru m .  How­
e v e r ,  no s im p l e ,  p l a u s i b l e  mechanism e x p l a i n i n g  t h e  b reakdow n I40  —  98 +
82 c a n  be f o r m u la t e d  f o r  t h e  d im e r ,  w h ich  a r i s e s  from two m e t h a c r o l e i n  
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F igu re 2 . M o ss  sp e c tr a  o f m e th a c r o le in  from  th r e e  so u r c e s
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A lso  I t h e  e l u t i o n  o f  m e t h a c r o l e i n  f rom t h e  column o c c u r s  w e l l  a h e a d  o f  
t h e  e l u t i o n  o f  m e t h a c r o l e i n  d i m e r ,  and  a i r  v o l a t i l e s  s h o u l d  beh av e  s im­
i l a r l y  t o  t h e  l i q u i d ,  w h ich  shows no t r a c e  o f  t h e  d im er  i n  t h e  m e t h a c r o ­
l e i n  p e a k .  S t i l l ,  t h e  mass s p e c t r a l  and  c o - c h r o m a t o g r a p h i c  e v i d e n c e  a r e  
s t r o n g  enough t o  c o n c lu d e  t h a t  t h e  compound i n  q u e s t i o n  i s  m e t h a c r o l e i n .  
Two a t t e m p t s  a t  o b t a i n i n g  a  p u re  2 ,4 “ d i n i t r o p h e n y l h y d r a 2 o n e  d e r i v a t i v e  
o f  m e t h a c r o l e i n  f rom A l d r i c h  Chem ical  Company f a i l e d .
F o r  r e g u l a r  m ono te rpene  h y d r o c a r b o n s ,  and f o r  t h e  m ono te rpene  
k e t o n e s  camphor and  t h u j o n e , mass s p e c t r a  were compared w i t h  t h o s e  r e ­
p o r t e d  b y  Ryhage a n d  v o n  Sydow ( 2 l ) ,  and  b y  von Sydow ( 2 2 ) .  R e f e r e n c e  
m a t e r i a l  f o r  <x—p in e n e  , & - p in e n e ,  cam phene , p -c y m e n e ,  1 , 8 - c i n e o l e ,  and  
camphor was a v a i l a b l e  f o r  c o n f i r m i n g  t h e  p r e s e n c e  o f  t h e s e  compounds.
I n  t h e  c a s e  o f  t h u j o n e ,  i d e n t i f i e d  f rom A. t r i d e n t a t a  s s p .  v a s e y a n a  on 
T r a i l  C r e e k ,  t h e  i n f r a r e d  s p e c t ru m  r e p o r t e d  by  S a d t l e r  S t a n d a r d  S p e c t r a  
( 2 3 ) ( g r a t i n g  #22000)  was u s e d  a s  a  r e f e r e n c e .  The c h r o m a to g r a p h ic  
column u s e d  was u n a b l e  t o  r e s o l v e  t h e  m i x t u r e  o f  t h u j o n e  i s o m e r s ,  which  
c o u l d  p o s s i b l y  be  a  m i x t u r e  o f  a s  many a s  f o u r  d i a s t e r e o m e r i c  f o rm s .  
O p t i c a l  r o t a t i o n  u s i n g  a  B e n d ix  Model 1 I69 A u to m a t ic  P o l a r i m e t e r  y i e l d e d
onea n  v a l u e  o f  -3 * 7 5  • T h i s  c o n t r a s t s  w i t h  [ot]^^=-19«2 f o r  a —t h u j
o r  [ k j g  - + 7 2 .9  f o r  t h u j o n e .  Mass s p e c t r a  an d  i n f r a r e d  s p e c t r a  o f  
t h u j o n e  from s a g e b r u s h  a r e  compared  w i t h  r e p o r t e d  s p e c t r a  i n  F i g u r e  3# 
The mass s p e c t ru m  shows a  b a s e  peak  a t  m / e = 8 l , w i t h  a  s t r o n g  peak  a t  
m /e -1 1 0  ( c o r r e s p o n d i n g  t o  l o s s  o f  42 mass u n i t s ,  p r o b a b l y  CH2=C=0). The 
i n f r a r e d  s p e c t ru m  shows a  C-H s t r e t c h  a t  2945 cm \  w i t h  a  v e r y  s t r o n g  
c a r b o n y l  a b s o r p t i o n  a t  1733 cm
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The i n f r a r e d  s p e c t ru m  o f  1 , 8 - c i n e o l e  from A, c a n a  s s p .  can a  
( S a p p i n g t o n  Br idge) ,  shown i n  F i g u r e s  4a  and  4h i i s  compared w i t h  t h e  sp e c t ru m  
o f  a u t h e n t i c  1 , 8 - c i n e o l e  (K&K C h e m i c a l s ) .  The mass s p e c t ru m  o f  1 , 8 -  
c i n e o l e  f rom A. t r i d e n t a t a  s s p .  w y o m in g e n s i s , a l s o  shown h e r e ,  was con­
f i r m e d  b y  c o m p a r i so n  w i t h  t h e  mass sp e c t ru m  i n  S t e n h a g e n ,  Abrahamson, and  
M c L a f f e r t y  ( l 9 ) i  and  a l s o  w i t h  t h a t  o f  1 , 8 - c i n e o l e  f rom K&K C h e m ic a l s .
F o r  i r r e g u l a r  m o n o t e r p e n e s , mass s p e c t r a  were compared  w i t h  
s p e c t r a  o f  E p s t e i n  e ^  ( 24 ) .  O th e r  d a t a ,  b a s e d  upon  r e t e n t i o n  t i m e s  
on a  Carbowax 20M(TPA) co lumn,  was u s e d  t o  h e l p  e s t a b l i s h  t h e  i d e n t i t y  o f  
i r r e g u l a r  m o n o te rp e n e s  ( E p s t e i n ,  p e r s o n a l  c o m m u n ic a t io n ) .  The i r r e g u l a r  
m o n o te rp e n e s  a p p e a r  t o  b e l o n g  t o  e i t h e r  t h e  s a n t o l i n y l  o r  t h e  a r t e m i s y l  
s k e l e t a l  t y p e s .  A r t h o l e , which h a s  a  c a r b o n  s k e l e t o n  u n l i k e  any  r e g u l a r  
o r  i r r e g u l a r  m o n o te rp e n e ,  can  be d e r i v e d  v i t r o  from s a n t o l i n a  e p o x id e  
v i a  t h e  f o l l o w i n g  t r a n s f o r m a t i o n  ( j .  Boyd, p e r s o n a l  c o m m u n ic a t io n ) :
O — BFf




a rth o le
An Arrhenius acid such as formic acid is apparently just as effective in 
making this conversion.
The base peak in the mass spectra of santolina epoxide and methyl 
santolinate (Figure 5 ) is at m /e = 9 5 1 which is easiest explained by simple 
alkyl fission:
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Figure 4 o .  Infrared sp e c tr e  o f  1 ,8 -c in e o le  from  t w o  sources
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The difference between the mass spectra of these compounds is seen in 
their molecular ion peaks, m/e=1^2 for santolina epoxide and m/e=l82 for 
methyl santolinate.
The l o s s  o f  57 mass u n i t s  from t h e  m o l e c u l a r  i o n  o f  a r t h o l e  i s  
n e c e s s a r y  t o  e x p l a i n  i t s  b a s e  peak  a t  m/e=95* The peak  a t  m/e=94 (51*3 
p e r c e n t  r e l a t i v e  a b u n d a n c e )  i s  e x p l a i n a b l e  b y  t h e  l o s s  o f  a c e t o n e  a f t e r  
c l e a v a g e  oc t o  t h e  e t h e r  oxygen :
r  9 4
The b a s e  peak  o f  a r t h o l e  may a r i s e  v i a  t h e  c a p t u r e  o f  a n  H-atom b y  i o n  
m/e=94» a l t h o u g h  t h i s  i s  a n  u n l i k e l y  p r o c e s s .  A more p l a u s i b l e  scheme 
m igh t  i n c l u d e  t h e  r e v e r s a l  o f  t h e  s a n t o l i n a  e p o x i d e —a r t h o l e  t r a n s f o r m a ­




The mass s p e c t ru m  o f  Yomogi a l c o h o l  from A. t r i d e n t a t a  s s p .  
t r i d e n t a t a  i s  shown i n  F i g u r e  6 ,  a l o n g  w i t h  t h e  r e p o r t e d  sp e c t ru m  o f  
K p s t e i n  £ t  ( 2 4 ) .  The b a s e  peak  (m/e=43)  may a r i s e  from i n i t i a l  l o s s  
o f  ~CH^ ( p r o d u c i n g  t h e  peak a t  m / e - 139) f o l l o w e d  b y  h y d ro g e n  t r a n s f e r  
an d  l o s s  o f
CHjj=C=OH
The m a jo r  component o f  o i l  from A, l o n g i l o b a , a r t e m i s i a  a c e t a t e »  
was c o n f i r m e d  s t r u c t u r a l l y  b y  NMR. Mass s p e c t r a l  e v i d e n c e  showed no 
mass i o n  above  m/e=136 ,  and  a  b reakdow n p a t t e r n  r e s e m b l i n g  t h a t  o f  
a r t e m i s i a  a l c o h o l  ( 2 4 ) .  S i n c e  e s t e r s  a r e  n o t o r i o u s  f o r  y i e l d i n g  l i t t l e  
o r  no m o l e c u l a r  i o n  peak  ( 25 )» a n  a t t e m p t  was made t o  f i n d  t h e  m o l e c u l a r  
i o n  b y  l o w e r i n g  t h e  i n l e t  l i n e  t e m p e r a t u r e  on t h e  mass s p e c t r o m e t e r  t o  
140^0,  an d  t u r n i n g  t h e  i o n  s o u r c e  h e a t i n g  o f f .  The r e s u l t i n g  spec t rum » 
w hich  r e s e m b l e d  t h a t  o f  a r t e m i s i a  t r i e n e »  s t i l l  had  no peak h i g h e r  t h a n  
m /e=136 .  I n f r a r e d  e v i d e n c e  s u g g e s t e d  e i t h e r  an  e s t e r  o r  a n  oc»^ u n s a t — 
u r a t e d  \ ^ - l a c t o n e  ( s t r o n g  a b s o r p t i o n  a t  1735 cm ^ ) » w i t h  a  v i n y l  g r o u p in g  
(medium—s t r o n g  a b s o r p t i o n s  a t  9^5 and  1007 cm ^) a s  w e l l  a s  a  t r i s u b — 
s t i t u t e d  o l e f i n  (medium a b s o r p t i o n  a t  830 cm ^) .  The NMR e v i d e n c e  s u p ­
p o r t s  t h e  s t r u c t u r e  o f  a r t e m i s i a  a c e t a t e ,  w i t h  a  6—p r o t o n  s i n g l e t  a t  
1 .05  ppm » a  6 - p r o t o n  d o u b l e t  a t  I . 7O ppm Hz)» and  a  3—p r o t o n
s i n g l e t  a t  1 .95  PPm a c c o u n t i n g  f o r  f i v e  m e th y l  g r o u p s .  The o l e f i n i c  
r e g i o n  i s  somewhat complex» w i t h  t h e  p r o t o n  f u r t h e s t  d o w n f i e l d  a p p e a r i n g  
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w i t h  t h e  two g e m in a l  o l e f i n i c  p r o t o n s ,  an d  h a s  c o u p l i n g  c o n s t a n t s  
15 Hz and  Hz.  P r o t o n s  d^ and  d ^ , a t  4 «95 and  3*05 PPm ( J a i d 2 ^ ^  H z ) ,
a p p e a r  a s  a  d i s t o r t e d  8 - p e a k  m u l t i p l e t ,  p a r t i a l l y  b u r i e d  by  p r o t o n  e 
( 3*13  ppm), w h ich  was shown t o  be c o u p le d  t o  p r o t o n  f  (3*28 ppm) w i t h  
J^^= 8  Hz .  P r o t o n  e was shown t o  have  l o n g - r a n g e  c o u p l i n g  w i t h  t h e  m e th y l  
p r o t o n s  a t  b ,  a s  d e c o u p l i n g  a t  I .7  ppm c a u s e d  i t  t o  c o l l a p s e  t o  a  d i s ­
t o r t e d  d o u b l e t  w i t h  d i s t o r t i o n  and  c o u p l i n g  i d e n t i c a l  t o  p r o t o n  f .  F i g ­
u r e s  7a  an d  7b show i n f r a r e d ,  m ass ,  and NMR s p e c t r a  o f  a r t e m i s i a  a c e t a t e ,  
w h i l e  F i g u r e  8 shows t h e  a l i p h a t i c  and  o l e f i n i c  r e g i o n s  o f  t h e  NMR, a s  
o b t a i n e d  on a  V a r i a n  EM-390 90MHz NMR S p e c t r o m e t e r  b y  B a r b a r a  Erwine  o f  
V a r i a n .  T h i s  compound, which  c o n s t i t u t e s  n e a r l y  30 p e r c e n t  o f  t h e  
v o l a t i l e  o i l  o f  A. l o n g i l o b a  and 9 p e r c e n t  o f  t h e  o i l  o f  A. t r i d e n t a t a  
s s p .  t r i d e n t a t a  e x am in ed ,  was r e p o r t e d  from A r t e m i s i a  annua  b y  Takemoto 
and  Naka j im a ( 2 6 ) .
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Figure  71). NMR spectri i in of a r temis in  ace ta te  from A. lonf; iloha
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Figure 8. A liphiitic (nbove) nntl olefinic rég io n s  of th e  
NMR s p e c tru m  of n r te rn is ia  a c e ta te
C h a p t e r  IV 
SUMMARY ART) CONCLUSIONS
An i n v e s t i g a t i o n  o f  t h e  r e l a t i v e  amounts  o f  s tea m —d i s t i l l a b l e  
o i l s  f rom v a r i o u s  s a g e b r u s h  t a x a  c o n f i rm e d  p r e v i o u s  f i n d i n g s  t h a t  o i l  
i s  g e n e r a l l y  h i g h e s t  a s  p e r c e n t  d r y  w e ig h t  o f  p l a n t  d u r i n g  t h e  l a t t e r  
p a r t  o f  t h e  g ro w in g  s e a s o n  ( S e p t e m b e r ) , and  i s  low d u r i n g  t h e  dormant 
s e a s o n  an d  t h e  e a r l y  p a r t  o f  t h e  g ro w in g  s e a s o n  ( November-May); and  
t h a t  A. t r i d e n t  a t  a  g e n e r a l l y  h as  a  g r e a t e r  p e r c e n t a g e  o f  o i l  t h a n  o t h e r  
s p e c i e s  o f  s a g e b r u s h .  A l s o ,  i n v e s t i g a t i o n  o f  t h e  v o l a t i l e  o i l  o f  n in e  
c o l l e c t i o n s  o f  s a g e b r u s h  i n c l u d i n g  e i g h t  t a x a  r e v e a l e d  t h e  p r e s e n c e  o f  
s e v e n  r e g u l a r  and  f i v e  i r r e g u l a r  m o n o te rp e n e s .  The u n i fo r m  p r e s e n c e  
o f  OL—p in e n e  , camphene,  1 , 8 - c i n e o l e ,  and  camphor s u p p o r t s  t h e  g e n e t i c  
r e l a t i o n s h i p  among a l l  t a x a  s t u d i e d .  Of t h e  r e g u l a r  m o n o te rp e n e s ,  
t h u j o n e  was fo u n d  a s  a  c o n s t i t u e n t  o f  A. t r i d e n t a t a  s s p .  v a s e y a n a  as  
t h e  f i r s t  r e p o r t e d  o c c u r r e n c e  i n  t h e  s e c t i o n  T r i d e n t a t a e . Of t h e  i r ­
r e g u l a r  m o n o t e r p e n e s ,  a l l  h a d  b e e n  r e p o r t e d  from a t  l e a s t  one member 
o f  A r t e m i s i a , w h i l e  a r t e m i s i a  a c e t a t e  i s  p r e v i o u s l y  u n r e p o r t e d  from 
t h e  s e c t i o n  T r i d e n t a t a e .
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PART B:
VOLATILE COMPOUNDS OP ARTEMISIA AS A FACTOR 
IN PLANT PREFERENCE BY MULE DEER
f
C h a p t e r  V
INTRODUCTION AND LITERATURE REVIEW
D i f f e r e n t i a l  U t i l i z a t i o n  o f  S a g e b ru sh  
by  Mule Deer
The v a l u e  o f  s a g e b r u s h  a s  a  b row se  f o r  w i l d l i f e  i s  w e l l  e s t a b ­
l i s h e d .  Sage g r o u s e  ( C e n t r o c e r c u s  u r o p h a s i a n u s ) a r e  known t o  u s e  t h i s  
p l a n t  a s  n e s t i n g  c o v e r ,  p r o t e c t i o n  from p r e d a t o r s ,  and  fo o d  (27)«  
Sundst rom  (2 8 )  s u g g e s t e d  a  c u r r e n t  d ependency  o f  p ro n g h o rn  a n t e l o p e  
( A n t i l o c a p r a  a m e r i c a n a ) upon  s a g e b r u s h ,  e s p e c i a l l y  i n  n o r t h e r n  r a n g e s  
(Wyoming, M ontana ,  an d  A l b e r t a ) .  I n  a d d i t i o n ,  mule d e e r  ( O d o c o i le u s  
hemionus  h e m io n u s ) have  b e e n  shown t o  u s e  s a g e b r u s h  i n  v a r i o u s  a r e a s  o f  
t h e  West ( 1 8 , 2 9 , 3 0 , 3 1 , 3 2 ) .  A l th o u g h  o b s e r v e r s  have n o t i c e d  d e f i n i t e  
p r e f e r e n c e s  by  mule d e e r  f o r  v a r i o u s  s a g e b r u s h  t a x a ,  no t a x a  a r e  u n i ­
v e r s a l l y  p r e f e r r e d  i n  a l l  g e o g r a p h i c a l  a r e a s .
Winward (2 9 )  n o t i c e d  i n  Idaho  t h a t  A r t e m i s i a  t r i d e n t a t a  s s p .  
w yom ingens is  was g r a z e d  where  i t  e x t e n d e d  i n t o  a  s t a n d  o f  e v i d e n t l y  un— 
g r a z e d  A. t r i d e n t a t a  s s p .  t r i d e n t a t a , b u t  no m e n t io n  was made o f  t h e  
a n im a l  s p e c i e s  i n v o l v e d ^  I n  Nevada,  B ru n n e r  (3 0 )  c l a im e d  t h a t  s p e c i e s  
p r e f e r r e d  b y  mule d e e r  i n c l u d e  A. t r i d e n t a t a  s s p .  wyom ingensis  and  A. 
t r i d e n t a t a  s s p .  v a s e y a n a  f . x e r i c e n s i s  Winward; w h i l e  A. t r i p a r t i t a  s sp ,  
t r i p a r t i t a , A. t r i d e n t a t a  s s p .  v a s e y a n a , and  A. l o n g i l o b a  a r e  a lm o s t  
n e v e r  g r a z e d .  B r u n n e r  a l s o  c l a i m e d  t h a t  A. nova and A. a r b u s c u l a  a r e  
se ldom  g r a z e d  i f  g l o s s y  o r  d a r k  g r e e n ,  b u t  may be g r a z e d  ( a n i m a l  un­
s p e c i f i e d )  i f  s i l v e r y .  Hanks e t  ( 3 1 , 3 2 ) ,  who i n v e s t i g a t e d  t h e
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r e l a t i v e  u t i l i z a t i o n  o f  s a g e b r u s h  t r a n s p l a n t e d  from v a r i o u s  a r e a s  o f  t h e  
West t o  a  u n i f o r m  s t u d y  s i t e  i n  U ta h ,  fo und  t h a t  A. t r i d e n t a t a  s s p .  
w y o m in g en s i s  and  A. t r i d e n t a t a  s s p .  v a s e y a n a  were  g e n e r a l l y  p r e f e r r e d  
o v e r  s s p .  t r i d e n t a t a  b y  mule d e e r ,  b u t  t h a t  t h e r e  was a l s o  much v a r i a ­
t i o n  i n  u s e  b e tw e e n  p l a n t s  o f  t h e  same t a x o n .  A r t e m i s i a  nova was u t i l i z e d  
t o  v a r y i n g  e x t e n t s ,  d e p e n d in g  upon  i t s  o r i g i n a l  l o c a t i o n ,  and  A. 
a r b u s c u l a  showed h i g h  u t i l i z a t i o n .
A s t u d y  done b y  Sheehy ( l 8 )  i s  i n  p a r t i a l  ag reem en t  w i t h  t h e  
work o f  Hanks ^  ( 3 1 , 3 2 ) ,  b u t  t h e r e  a r e  a  number o f  d i s c r e p a n c i e s .
Three  d i f f e r e n t  l o c a t i o n s  i n  Oregon s u p p l i e d  p l a n t s  o f  s e v e n  d i f f e r e n t  
t a x a  f o r  t h i s  s t u d y ;  h o w ev er ,  t h e  r e l a t i v e  p r e f e r e n c e  by  mule d e e r  was 
n o t  a p p r e c i a b l y  a f f e c t e d  b y  t h e  c o l l e c t i o n  s i t e .  P l a n t s  which  r e c e i v e d  
h ea v y  u s e  i n c l u d e d  A. t r i d e n t a t a  s s p .  v a s e y a n a , s s p .  v a s e y a n a  f .  x e r i — 
c e n s i s , and  A. c a n a  s s p .  b o l a n d e r i . I n t e r m e d i a t e  u s e  was shown f o r  A. 
t r i d e n t a t a  s s p .  t r i d e n t a t a  an d  s s p .  wyom ingensis  and  f o r  A. a r b u s c u l a , 
w h i l e  A. nova  showed u n i f o r m l y  low u s e .
The g e n e r a l  a g r e e m e n t s  b e tw e e n  o b s e r v e r s  o f  s a g e b r u s h  p r e f e r e n c e  
by  mule d e e r  a r e  a ccom pan ied  by  a  l a r g e  number o f  d i s a g r e e m e n t s .  I t  
a p p e a r s  t h a t  t h e  t a x o n o m ic  u n i t  i s  i n a d e q u a t e  a s  a  c r i t e r i o n  f o r  d e c i d i n g  
which  s a g e b r u s h  p l a n t s  a r e  p r e f e r r e d .  A d e t a i l e d  s t u d y  o f  a l l  f a c t o r s  
i n v o l v e d  i s  n e c e s s a r y  b e f o r e  d e f i n i t e  s t a t e m e n t s  a b o u t  p l a n t  p r e f e r e n c e  
c a n  be m ade .
F a c t o r s  A f f e c t i n g  P l a n t  S e l e c t i o n
The r e a s o n s  f o r  p l a n t  p r e f e r e n c e  b y  g r a z i n g  a n i m a l s  a r e  many, 
a n d  i n  no c a s e  examined h a s  one f a c t o r  a l o n e  b e e n  shown t o  be d e c i s i v e
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i n  d e t e r m i n i n g  t h e  d e g r e e  o f  u t i l i z a t i o n  which  a  p l a n t  r e c e i v e s .  A r e ­
v iew  b y  M a r te n  (3 3 )  c o n s i d e r e d  a n im a l  f a c t o r s ,  p l a n t  f a c t o r s ,  e n v i r o n ­
m e n t a l ,  and  management f a c t o r s  i n  d e t e r m i n i n g  p l a n t  u s e .  The t e rm  p a l a t -  
a b i l i t y  i s  o f t e n  u s e d  t o  d e n o te  t h e  a v i d i t y  w i t h  which a  p a r t i c u l a r  food  
i s  e a t e n ;  s p e c i f i c a l l y ,  **a p l a n t  c h a r a c t e r i s t i c  e l i c i t i n g  a  p r o p o r t i o n a l  
c h o i c e  among two f o r a g e s  w h ich  s t i m u l a t e  a  s e l e c t i v e  r e s p o n s e  b y  t h e  
a n im a l "  ( 3 3 ) .  T h i s  a u t h o r  c o n t i n u e d  b y  s a y i n g  t h a t  p a l a t a b i l i t y  i s  not 
a  m easu re  o f  v o l u n t a r y  i n t a k e , a l t h o u g h  v o l u n t a r y  i n t a k e  may be i n f l u ­
e n c ed  b y  p a l a t a b i l i t y .  I  p r e f e r  t h e  t e r m s  " u t i l i z a t i o n "  and  " r e l a t i v e  
u t i l i z a t i o n "  o v e r  " v o l u n t a r y  i n t a k e "  and " p a l a t a b i l i t y , "  a s  one ca n n o t  
o b j e c t i v e l y  a s s e s s  t h e  s u b j e c t i v e  r e s p o n s e s  o f  g r a z i n g  a n im a l s  u n d e r  
f i e l d  e x p e r i m e n t a l  c o n d i t i o n s ,  and  b e c a u s e  " p a l a t a b i l i t y "  s u g g e s t s  t h a t  
t h e  c h e m ic a l  s e n s e s  a l o n e  a r e  i n v o l v e d  i n  fo o d  s e l e c t i o n .
Animal  s p e c i e s  d i f f e r e n c e  i s  p e r h a p s  t h e  most o b v io u s  an im a l  
f a c t o r  i n f l u e n c i n g  f o o d  p r e f e r e n c e .  S t u d i e s  done b y  Kare and  P i c k e n  
( 3 4 ) showed d e f i n i t e  p r e f e r e n c e  b y  c h i c k e n s  and  c a l v e s  f o r  monosaccha­
r i d e s ,  W ith  c h i c k e n s ,  x y l o s e  was t h e  o n l y  s u g a r  which  was a c t i v e l y  r e ­
j e c t e d  among f o u r  t e s t e d ,  w h i l e  i t  was p r e f e r r e d  s e c o n d  t o  s u c r o s e  by  
c a l v e s .  S p e c i e s  o f  d i f f e r i n g  g e n e t i c  makeup s h o u l d  l o g i c a l l y  have  
d i f f e r i n g  p h y s i o l o g i e s  an d  h e n c e ,  d i f f e r i n g  t a s t e  r e s p o n s e s ;  b u t  even  
among i n d i v i d u a l s  o f  t h e  same s p e c i e s  o r  b r e e d ,  v a r i a t i o n  i s  n o t i c e a b l e  
( 3 4 * 3 5 ) .  R e i d  and  J u n g  (3 5 )  fo u n d  t h a t  t a l l  f e s c u e  h a y  grown u n d e r  
d i f f e r i n g  f e r t i l i z e r  c o n d i t i o n s  w a s , a c c e p t e d  t o  v a r y i n g  d e g r e e s  by  s h e e p  
a c c o r d i n g  t o  f e r t i l i z e r  t r e a t m e n t ,  b u t  t h a t  no s i n g l e  t r e a t m e n t  p ro d u c e d  
h a y  w h ich  was u n i v e r s a l l y  a c c e p t e d  b y  a l l  s h e e p  t e s t e d .
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P r e v i o u s  e x p e r i e n c e  o r  c o n d i t i o n i n g  o f  an  a n im a l  may i n f l u e n c e  
i t s  c h o i c e  o f  f o o d .  R o g l e r  (3 6 )  found  t h a t  c a t t l e  t e n d  t o  g r a z e  s p e c i e s  
t h e y  have  p r e v i o u s l y  e a t e n ,  b u t  i n  t h e  c a s e  o f  a  o n e - g r a s s  d i e t  t h e y  may 
p r e f e r  o t h e r  g r a s s e s  t o  a  c o n t i n u a n c e  o f  t h e  same g r a s s .
P h y s i o l o g i c a l  c o n d i t i o n  o f  a n  a n im a l  h a s  b e a r i n g  on i n d i v i d u a l  
v a r i a t i o n  i n  f o o d  p r e f e r e n c e ,  a s  shown b y  G a rn e r  (3 7 )*  Foods which  a r e  
a c c e p t a b l e  t o  n o n - p r o d u c i n g  d a i r y  cows a r e  no t  e a t e n  a s  a v i d l y  b y  p ro ­
d u c i n g  cows.  A l s o ,  t h e  t o t a l  amount o f  f o o d  e a t e n  i s  g o v e rn e d  b y  t h e  
p h y s i o l o g i c a l  s t a t u s  o f  a n  a n i m a l ,  an d  i s  d e t e r m in e d  by  ( 1 ) t h e  number 
o f  m ea ls  e a t e n  i n  a  g i v e n  t im e  p e r i o d ,  ( 2 )  t h e  l e n g t h  o f  e a c h  m e a l ,  and  
(3 )  t h e  r a t e  o f  e a t i n g ,  d u r i n g  a  meal ( 3 8 ) .  R e s u l t s  (3 9 )  showed t h a t  
t h e  u t i l i z a t i o n  o f  h a y  by  cows i s  i n v e r s e l y  r e l a t e d  t o  t h e  t im e  o f  r e ­
t e n t i o n  o f  u n d i g e s t e d  r e s i d u e s  i n  t h e  whole g u t ,  and  t h a t  t h e  mean i n ­
t a k e  o f  h a y  b y  cows i s  more t h a n  t w i c e  t h a t  o f  s t r a w ,  f o r  ea c h  fo o d  o f ­
f e r e d  a d .  l i b .  T h i s  s u g g e s t e d  t h a t  a  fo o d  w i t h  lo w e r  d i g e s t i b i l i t y  w i l l  
be e a t e n  l e s s  r e a d i l y  t h a n  one w h ich  i s  h i g h l y  d i g e s t i b l e .  T h o r n to n  and  
Minson ( 4 0 ) fo u n d  t h a t  t h e  i n t a k e  o f  legumes by  s h e e p  was 28 p e r c e n t  
h i g h e r  t h a n  t h e  i n t a k e  o f  e q u a l l y  d i g e s t i b l e  g r a s s e s ,  which  was c o r r e ­
l a t e d  w i t h  s h o r t e r  rumen r e t e n t i o n  t im e  and  h i g h e r  o r g a n i c  m a t t e r  c o n t e n t  
f o r  l e g u m e s .  However,  d i g e s t i b i l i t y  an d  r e l a t i v e  u t i l i z a t i o n  c a n  be 
s e p a r a t e d ,  a s  shown b y  G r e e n h a lg h  a n d  R e id  ( 4 I ) .  Sheep  f i t t e d  w i t h  
rumen f i s t u l a e  were  o f f e r e d  a  d i e t  c o n s i s t i n g  o f  h a l f  s t r a w  and h a l f  
g r a s s .  I n  one p a r t  o f  t h e  e x p e r i m e n t ,  t h e  g r a s s  was f e d  by  mouth an d  a n  
e q u i v a l e n t  amount o f  h a y  was i n t r o d u c e d  t h r o u g h  t h e  f i s t u l a ,  w h i l e  a  d i e t  
o f  s t r a w  b y  mouth an d  e q u i v a l e n t  amount o f  h a y  t h r o u g h  t h e  f i s t u l a  was 
a d m i n i s t e r e d  t o  t h e  same s h e e p  d u r i n g  t h e  s e c o n d  h a l f  o f  t h e  e x p e r i m e n t .
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Sheep  a t e  more o f  t h e  hay—by-m ou th  d i e t  t h a n  t h e  s t r a w —by-mouth  d i e t , 
a l t h o u g h  d i g e s t i b i l i t i e s  o f  b o t h  d i e t s  were n e a r l y  i d e n t i c a l .  Thus ,  i t  
a p p e a r s  t h a t  d i g e s t i b i l i t y  a n d  r e l a t i v e  u t i l i z a t i o n  o f  p l a n t  s p e c i e s  a r e  
n o t  c l o s e l y  c o n n e c t e d ,  a l t h o u g h  t h e y  may be r e l a t e d .
The c h o i c e  o f  a  fo o d  p l a n t  i s  c o n d i t i o n e d  by  s e n s o r y  r e s p o n s e s ;  
s i g h t ,  s m e l l ,  t o u c h ,  and  t a s t e  a l l  seem t o  p l a y  some r o l e .  A rn o ld  (42 )  
d e m o n s t r a t e d  t h a t ,  a t  l e a s t  f o r  s h e e p ,  s i g h t  i s  o f  l i t t l e  i m p o r t a n c e .  
S h ee p ,  w h ich  were b l i n d f o l d e d ,  t e n d e d  t o  e a t  p r o p o r t i o n a t e l y  more o f  t h e  
t a l l e r  p l a n t  components  b u t  gave no d i f f e r e n c e  i n  t o t a l  f o o d  i n t a k e  o r  
p r o d u c t i v i t y  o v e r  c o n t r o l  sheep* S m el l  seems t o  p l a y  t h e  more i m p o r t a n t  
r o l e  i n  s h e e p ,  a s  t h e  d e p r i v a t i o n  o f  s m e l l  l e a d s  t o  a n  a v o id a n c e  o f  
f l o w e r i n g  s t e m s ,  w h ich  a r e  e a t e n  b y  c o n t r o l  s h e e p  (4 3 )*  A rn o ld  (4 2 )  
a l s o  s t a t e d  t h a t  s h e e p  w hich  have  b e e n  i m p a i r e d  i n  a l l  t h r e e  fo o d  s e l e c ­
t i o n  s e n s e s  ( s m e l l ,  t o u c h ,  an d  t a s t e )  w i l l  c o n t i n u e  t o  show fo o d  p r e f e r ­
e n c e .  T h i s  i s  a t t r i b u t e d  t o  a  l a c k  o f  c o m p le te  s e n s o r y  i m p a i rm e n t ,  a s  
w e l l  a s  t h e  two n o n - s e n s o r y  f a c t o r s  o f  p r e v i o u s  e x p e r i e n c e  and  t h e  phys­
i c a l  p r o c e s s  o f  g r a z i n g .
I n  a d d i t i o n  t o  c o n s t i t u t i o n a l ,  p h y s i o l o g i c a l ,  and  s e n s o r y  f a c t o r s  
g o v e r n i n g  a n  a n i m a l ' s  f o o d  s e l e c t i o n  h a b i t s ,  s o c i a l  f a c t o r s  may p l a y  a  
r o l e  a s  w e l l .  T r i b e  ( 4 4 )  c i t e d  a  s t u d y  i n  w h ich  t h e  p r e s e n c e  o f  a  
h u n g r y  h e n  c a n  i n c r e a s e  t h e  f o o d  c o n su m p t io n  o f  w e l l - f e d  h en s  b y  a s  much 
a s  60 p e r c e n t .  A l s o ,  s h e e p  f e d  a  su p p le m e n t  were shown t o  g r a z e  l e s s  
when a l o n e  t h a n  when g r a z i n g  w i t h  a  c o n t r o l  f l o c k  n o t  f e d  t h e  s u p p le m e n t .  
T h i s  e f f e c t  s h o u l d  n o t  be  a  f a c t o r  i n  a n  o p e n - r a n g e  s i t u a t i o n ,  where  a l l  
members o f  a n  a n im a l  g ro u p  have  f r e e  a c c e s s  t o  t h e  a v a i l a b l e  f o r a g e .
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P l a n t s ,  a s  w e l l  a s  a n i m a i s ,  have  a  l a r g e  number o f  v a r i a b l e s  
w h ich  i n f l u e n c e  f o o d  s e l e c t i o n ,  an d  many o f  t h e s e  a r e  so  c l o s e l y  r e l a t e d  
t o  a n im a l  v a r i a b l e s  t h a t  d i s c u s s i o n  o f  them u n d e r  e i t h e r  c a t e g o r y  i s  
r a t h e r  a r b i t r a r y .  Heady (4 5 )  c l a i m e d  t h a t  no s i n g l e  p l a n t  c h a r a c t e r ­
i s t i c  h a s  b e e n  f o u n d  which  i s  i s o m o r p h ic  w i t h  one b e h a v i o r a l  p r o c e s s  i n  
g r a z i n g  a n i m a l s .
S p e c i e s  d i f f e r e n c e  among p l a n t s  i s  a  prime d e t e r m i n a n t  o f  a  
p l a n t ' s  r e l a t i v e  u t i l i z a t i o n ,  and  g r a s s e s  have b e e n  w i d e l y  i n v e s t i g a t e d  
i n  t h i s  r e g a r d .  R e id  an d  J u n g  (3 5 )  i G a rn e r  (3 7 )  i and  Cowlishaw and  
A l d e r  ( 4 6 )  a t t e s t e d  t o  t h e  low u t i l i z a t i o n  which  c e r t a i n  g r a s s  s p e c i e s  
r e c e i v e .  N o n - g ra s s  s p e c i e s  such  a s  a l f a l f a ,  w h ich  a r e  u s u a l l y  h e a v i l y  
u t i l i z e d ,  have  b e e n  r e p o r t e d  a t  t i m e s  t o  be r e l a t i v e l y  u n a c c e p t a b l e  
( 3 7 ) '  A l th o u g h  p l a n t s  have  s p e c i e s —r e l a t e d  u s e  l e v e l s ,  o t h e r  v a r i a b l e s  
w i t h i n  i n d i v i d u a l  s p e c i e s  a r e  l i k e l y  t o  p l a y  j u s t  a s  i m p o r t a n t  a  r o l e .  
P l a n t  m o rp h o lo g y ,  g row th  s t a g e ,  d e n s i t y ,  e n v i r o n m e n t ,  and  c h e m ic a l  com­
p o s i t i o n  ( i n c l u d i n g  n u t r i e n t s ,  s t r u c t u r a l  com ponen ts ,  a n d  s e c o n d a r y  com­
p o u n d s ,  b o t h  t o x i c  and  non—t o x i c )  a r e  a l l  d e t e r m i n a n t s  o f  a  p l a n t ' s  a c ­
c e p t a b i l i t y  t o  g r a z i n g  a n i m a l s .
Heady (4 5 )  c l a i m e d  t h a t  t h e  e x t e r n a l  form o f  a  p l a n t  i s  r e l a t e d  
t o  r e l a t i v e  u t i l i z a t i o n .  E x p e r i m e n t s  i n  w hich  f i s t u l a t e d  sh e ep  were  
a l l o w e d  t o  g r a z e  whole  p a s t u r e s  showed t h a t  p l a n t s  c h o s e n  were h i g h e r  
i n  l e a f  c o n t e n t  t h a n  h a n d - c l i p p e d  p a s t u r e  sp e c im e n s  (4 7 )»  However,  R a b a s , 
Schm id ,  a n d  M ar te n  ( 4 8 )  fo u n d  no r e l a t i o n s h i p  b e tw e e n  r e l a t i v e  u t i l i z a t i o n  
and  l e a f  w i d t h ,  s tem  d i a m e t e r ,  o r  p e r c e n t  l e a f  i n  s u d a n g r a s s  o r  sorghum 
X s u d a n g r a s s  h y b r i d s . A l s o ,  B a r n e s  (4 9 )  n o t i c e d  no d i f f e r e n c e s  i n
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p r e f e r e n c e  o f  c l o n e s  o f  r e e d  c a n a r y g r a s s  "based upon m o r p h o l o g i c a l  c h a r ­
a c t e r i s t i c s ,  i n  s e v e n  o f  e i g h t  t r i a l s .  One m o r p h o l o g i c a l  p l a n t  f a c t o r ,  
w h ich  seems t o  be i m p o r t a n t  i n  d e t e r m i n i n g  p l a n t  a c c e p t a b i l i t y ,  i s  g rowth  
s t a g e .  Moss e ^  ( 5 0 ) showed a  marked p r e f e r e n c e  o f  c a p t i v e  r e d  g ro u se
f o r  t h r e e — o r  f o u r —y e a r —o l d  h e a t h e r  ( G a l l u n a  v u l g a r i s ) o v e r  h e a t h e r  t h a t  
was one o r  two y e a r s  o l d .  The o l d e r  h e a t h e r  c o n t a i n e d  h i g h e r  p h o sp h o ru s ,  
n i t r o g e n ,  and  s o l u b l e  c a r b o h y d r a t e  t h a t  may have  b e e n  t h e  d e t e r m i n i n g  
f a c t o r s .  M o is t u r e  c o n t e n t  o f  f o l i a g e  h a s  o f t e n  b e e n  r e l a t e d  t o  u t i l i z a ­
t i o n ,  and  young  o r  s p r i n g - g r o w t h  f o l i a g e  i s  p r e f e r r e d  o v e r  o l d e r  o r  
l a t e r - g r o w t h  f o l i a g e  ( 4 5 ) "  L i k e w i s e ,  Sheehan  ( 5 1 ) showed a  d e c r e a s e  i n  
p e r c e n t a g e  o f  l e a f  v e r s u s  s te m ,  n i t r o g e n  c o n t e n t ,  i n  v i t r o  d i g e s t i b i l i t y ,  
and  i n t a k e  ( c a t t l e )  f o r  c u t t i n g s  o f  p e r e n n i a l  r y e g r a s s , c o c k s f o o t ,  and  
Lolium t a k e n  p r o g r e s s i v e l y  l a t e r  d u r i n g  t h e  p e r i o d  A p r i l  2 9 -June  23*
P l a n t  d e n s i t y ,  w h i l e  i t  i s  n o t  a  c h a r a c t e r i s t i c  o f  i n d i v i d u a l  
p l a n t s ,  n o n e t h e l e s s  h a s  a n  e f f e c t  upon t h e  u t i l i z a t i o n  o f  p l a n t  s p e c i e s .  
Cowan ( 5 2 ) i n v e s t i g a t e d  b l a c k —t a i l e d  d e e r  b r o w s i n g  Douglas  F i r  on 
s o u t h e r n  V ancouver  I s l a n d ,  and  n o t i c e d  a  s h a r p  i n c r e a s e  i n  u t i l i z a t i o n  
f rom 63 p e r c e n t  t o  100 p e r c e n t ,  f o r  d e c r e a s e  i n  t r e e  d e n s i t y  o f  3000 
p e r  a c r e  t o  300 p e r  a c r e ,  f o r  t h e  same d e e r  d e n s i t y .  T h i s  s u g g e s t e d  
t h a t  a  g r o u p  o f  a n i m a l s ,  w h e t h e r  on f e n c e d  r a n g e l a n d  o r  a t  l a r g e ,  w i l l  
u t i l i z e  a  p o p u l a t i o n  o f  p l a n t s  more h e a v i l y  a s  p l a n t  d e n s i t y  d e c r e a s e s .
P l a n t  e n v i r o n m e n t ,  i n c l u d i n g  a s s o c i a t e d  s p e c i e s  and  c l i m a t e ,  
a r e  known t o  i n f l u e n c e  r e l a t i v e  u t i l i z a t i o n  o f  r a n g e  s p e c i e s .  S t o d d a r t  
a n d  S m i th  ( 5 3 )  o b s e r v e d  t h a t  b i g  s a g e b r u s h  i s  g r a z e d  h e a v i l y  when o c c u r ­
r i n g  i n  s m a l l  q u a n t i t i e s  t h r o u g h o u t  a  p r e f e r r e d  f o r a g e ,  w h e re a s  i n  dense  
s t a n d s  t h e  u s e  i s  l i g h t . The p o s s i b i l i t y  o f  a n  e c o t y p i c  o r  g e n e t i c
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v a r i a t i o n  t h a t  m igh t  c a u s e  t h i s  d i f f e r e n t i a l  u t i l i z a t i o n  was n o t  men­
t i o n e d ,  h o w e v e r .  Heady and  T o r r e l l  ( 5 4 )  showed a  p r e f e r e n c e  o f  sh eep  
f o r  specd.es  o c c u r r i n g  f r e q u e n t l y  on one r a n g e  h a b i t a t ,  b u t  no co m p ar i so n  
was made f o r  u t i l i z a t i o n  o f  t h e s e  same s p e c i e s  on h a b i t a t s  where t h e y  do 
n o t  o c c u r  so  f r e q u e n t l y .  C l i m a t i c  f a c t o r s  which  i n f l u e n c e  p l a n t  s e l e c ­
t i o n  i n c l u d e  r a i n f a l l ,  d r o u g h t ,  and  s u n l i g h t .  Heady (4 5 )  c l a im e d  t h a t  
p l a n t s  g ro w in g  on h e a v y  c l a y  w i l l  be a v o i d e d  i n  wet w e a t h e r ,  p e r h a p s  
due t o  s o i l  t e x t u r e .  R o g l e r  (3 6 )  showed a  p r e f e r e n c e  f o r  d r o u g h t -  
r e s i s t a n t  g r a s s e s  which  s t a y  g r e e n  u n d e r  d r y  w e a t h e r  c o n d i t i o n s  o v e r  
t h o s e  w h ich  t u r n  b row n .  I v i n s  (5 5 )  s t a t e d  t h a t  i n t e n s e  s u n l i g h t  c a n  i n ­
c r e a s e  t h e  u t i l i z a t i o n  o f  h e r b a g e  by  i n c r e a s i n g  i t s  s u g a r  c o n t e n t .
The most w i d e l y  i n v e s t i g a t e d  f a c t o r  i n f l u e n c i n g  p l a n t  p r e f e r e n c e  
i s  c h e m ic a l  c o m p o s i t i o n .  T h i s  seems l o g i c a l  i f  o n ly  b e c a u s e  t h e  r e ­
s p o n s e s  w h ich  p l a y  t h e  most i m p o r t a n t  r o l e  i n  fo o d  s e l e c t i o n  a r e  b a s e d  
u pon  t h e  c h e m ic a l  s e n s e s  o f  s m e l l  an d  t a s t e .  S t i l l ,  no s i n g l e  c h em ic a l  
c h a r a c t e r  r e f l e c t s  t h e  a c c e p t a b i l i t y  o f  a  p l a n t  a s  f o r a g e .
S t r u c t u r a l  com ponents  o f  p l a n t s ,  e s p e c i a l l y  c e l l u l o s e  and  l i g n i n ,  
a r e  i n f l u e n t i a l  i n  a  p l a n t ' s  r e l a t i v e  u t i l i z a t i o n .  G a rn e r  (3 7 )  c l a im e d  
t h a t  l i g n i f i c a t i o n  o f  p l a n t  m a t e r i a l  r e d u c e s  d i g e s t i b i l i t y  and  h e n c e ,  
u t i l i z a t i o n ;  h o w ev er ,  i t  must  be remembered t h a t  d i g e s t i b i l i t y  a n d  i n ­
t a k e  a r e  n o t  a lw a y s  a s  i n t i m a t e l y  r e l a t e d  a s  m ight  be e x p e c t e d .  C e l l u ­
l o s e ,  w h i l e  o f t e n  d e t e r m i n e d  a s  c r u d e  f i b e r  ( n o t  e l i m i n a t i n g  l i g n i n ) ,  
was d e t e r m i n e d  a s  c e l l u l o s e  b y  Radwan an d  Crouch ( 5 6 ) ,  who m ea s u re d  16 
com ponen ts  o f  t h e  s i x  p r e f e r r e d  b row se  p l a n t s  o f  d e e r  i n  w e s t e r n  Wash­
i n g t o n .  T h e i r  r e s u l t s  showed t h a t  t h e  l e a s t  p r e f e r r e d  p l a n t  ( v i n e  m ap le )  
h a d  t h e  l o w e s t  m o i s t u r e  c o n t e n t  and  h i g h e s t  c e l l u l o s e  c o n t e n t , b u t
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o t h e r w i s e  gave no c l e a r  c o r r e l a t i o n  o f  c e l l u l o s e  w i t h  r e l a t i v e  u t i l i z a ­
t i o n *  The f i b e r  c o n t e n t  o f  a  f e e d  must be  h i g h  enough t o  p r e v e n t  
b l o a t i n g ,  b u t  low enough t o  a l l o w  d i g e s t i o n  t o  t a k e  p l a c e  (3 7 )*  Van 
S o e s t  ( 5 7 ) c o n c l u d e d  t h a t  t h e  r e l a t i o n s h i p  b e tw e e n  d i g e s t i b l e  d r y  m a t t e r  
and  v o l u n t a r y  i n t a k e  depends  upon  t h e  p r o p o r t i o n  o f  d i g e s t i b l e  m a t t e r  
from c e l l  w a l l  c o n s t i t u e n t s .  T h u s ,  a  f e e d  which  i s  h i g h  i n  f i b e r  m ight  
be p r e f e r r e d  b e c a u s e  i t s  c e l l  w a l l  c o n s t i t u e n t s  a r e  r e l a t i v e l y  e a s y  t o  
d e g r a d e ,  i n  c o m p a r i s o n  w i t h  a n o t h e r  f e e d  which  may be  e q u a l l y  h i g h  i n  
f i b e r  c o n t e n t .
R um inan ts  a r e  e x c e p t i o n a l  a n i m a l s  i n  t h a t  t h e y  d e r i v e  a  l a r g e  
p r o p o r t i o n  o f  t h e i r  n u t r i e n t s  from p l a n t  s t r u c t u r a l  m a t e r i a l s .  O the r  
n u t r i e n t s  which  have  b e e n  v a r i o u s l y  r e p o r t e d  a s  d e t e r m i n a n t s  o f  r e l a t i v e  
u t i l i z a t i o n  a r e  s o l u b l e  c a r b o h y d r a t e s ,  m i n e r a l  c o n t e n t ,  p r o t e i n ,  and  
e t h e r  e x t r a c t  o r  f a t .
S o l u b l e  c a r b o h y d r a t e  was r e p o r t e d  t o  be  h i g h e r  i n  l e a v e s  o f  dog^ 
wood s u p p l i e d  v a r y i n g  amounts  o f  n i t r o g e n  f e r t i l i z e r  ( 5 8 ) .  U t i l i z a t i o n  
o f  dogwood was h i g h e r  f o r  p l a n t s  s u p p l i e d  i n c r e a s i n g  amounts  o f  f e r t i l ­
i z e r ,  and  b e c a u s e  m o i s t u r e  c o n t e n t  a n d  n i t r o g e n  c o n t e n t  o f  l e a v e s  a l s o  
i n c r e a s e d ,  no s i n g l e  component c o u l d  be a s c r i b e d  t o  t h e  i n c r e a s e d  brow s­
i n g .  Dent an d  A l d r i c h  ( 5 9 )  i n v e s t i g a t e d  t h e  s o l u b l e  c a r b o h y d r a t e  c o n t e n t  
o f  two g r a s s  v a r i e t i e s  and  fo u n d  t h a t  t h e  t e t r a p l o i d  s t r a i n s  o f  t h e s e  
v a r i e t i e s  w ere  p r e f e r r e d ,  an d  t h a t  t h e s e  s t r a i n s  a l s o  h a d  a  s i g n i f i ­
c a n t l y  h i g h e r  c a r b o h y d r a t e  c o n t e n t .  Cowlishaw and  A ld e r  ( 4 8 ) m easured  
t h e  s o l u b l e  c a r b o h y d r a t e  o f  e i g h t  g r a s s  s p e c i e s  and  fo u n d  a  s t a t i s t i c a l l y  
s i g n i f i c a n t  ( P  < 0 . 0 1 )  p o s i t i v e  c o r r e l a t i o n  o f  0 .8 8 3  b e tw e e n  p e r c e n t  
e a t e n  b y  c a t t l e  and  s o l u b l e  c a r b o h y d r a t e  i n  A p r i l .  T h i s  c o r r e l a t i o n
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was n o t  s i g n i f i c a n t  f o r  J u n e ,  J u l y ,  o r  Sep tem b er  c o l l e c t i o n  d a t e s ,  how­
e v e r .  R a b a s , Schmid ,  and  M arten  ( 4 8 ) ,  who i n v e s t i g a t e d  s u d a n g r a s s  and
sorghum X s u d a n g r a s s  h y b r i d s ,  f o u n d  no c o r r e l a t i o n  b e tw e e n  t o t a l  s u g a r
c o n t e n t  an d  r e l a t i v e  u t i l i z a t i o n .
M i n e r a l s  which  may i n f l u e n c e  f e e d  i n t a k e  i n c l u d e  p h o sp h o ru s  and 
n i t r o g e n .  N i t r o g e n ,  when a p p l i e d  a s  f e r t i l i z e r ,  c a u s e s  i n c r e a s e d  p l a n t  
g r o w th ,  and  was shown b y  M i t c h e l l  and  H o s le y  ( 5 8 ) t o  in d u ce  d e e r  p r e f ­
e r e n c e  f o r  f e r t i l i z e d  dogwood; b u t  i t s  e f f e c t  was n o t  s e p a r a b l e  from 
p o s s i b l e  e f f e c t s  o f  h i g h e r  l e a f  s i z e ,  m o i s t u r e ,  o r  s u g a r  c o n t e n t .  Phos­
p h o ru s  was shown t o  be h i g h e r  i n  s t r a i n s  o f  s u b t e r r a n e a n  c l o v e r  which  
were  p r e f e r r e d  b y  s h e e p  ( 6 0 ) ,  b u t  f r e e  p h e n o l s  were a l s o  lo w e r  i n  p r e ­
f e r r e d  s t r a i n s ;  t h u s  t h e  e f f e c t  o f  e i t h e r  p h o sp h o ru s  o r  p h en o l  c o n t e n t  
may be  r e s p o n s i b l e .  R e id  and  J u n g  (3 5 )  s u g g e s t e d  t h a t  s h e e p  o f f e r e d  
chopped  f e s c u e  h a y  p r e f e r r e d  p h o s p h o r u s - f e r t i l i z e d  h a y  b e c a u s e  o f  a  
d e f i c i e n c y  o f  p h o s p h o ru s  i n  t h e  d i e t ;  h o w ev e r ,  s h e e p  f e d  a  pho sp h o ru s  
s u p p le m e n t  s t i l l  p r e f e r r e d  p h o s p h o r u s - f e r t i l i z e d  h a y .  O th e r  m i n e r a l s  
have  b e e n  i n v e s t i g a t e d  w i t h  r e g a r d  t o  fo o d  s e l e c t i o n  ( 4 9 ) t b u t  none have  
b e e n  shown t o  have  any  e f f e c t .
P r o t e i n  c o n t e n t  o f  p l a n t s ,  u s u a l l y  m easu red  a s  c ru d e  p r o t e i n ,  
h a s  b e e n  a s s o c i a t e d  w i t h  s e l e c t i o n .  H a r d i s o n  ^  ( 6 1 ) c o n d u c te d
g r a z i n g  t r i a l s  w i t h  s t e e r s  on s i x  g r a s s  s p e c i e s  a t  t h r e e  t o  f i v e  d i f ­
f e r e n t  s t a g e s  o f  g r o w th ,  and  fo u n d  t h a t  t h e  d i e t  s e l e c t e d  was h i g h e r  i n  
c r u d e  p r o t e i n  t h a n  t h e  whole  h e r b a g e  a v a i l a b l e .  S t u d i e s  on t h e  r e g u l a ­
t i o n  o f  f o o d  i n t a k e  b y  s h e e p  (6 2 )  showed t h a t  s u p p l e m e n t a t i o n  o f  a  low— 
q u a l i t y  r o u g h a g e  d i e t  ( a p p r o x i m a t e l y  4*3 p e r c e n t  c r u d e  p r o t e i n )  w i t h  
u r e a ,  u r e a  p l u s  v o l a t i l e  f a t t y  a c i d s ,  o r  c a s e i n ,  i n c r e a s e d  t h e
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d i g e s t i b i l i t y  o f  t h e  d i e t .  S u r p r i s i n g l y ,  u r e a  a lo n e  gave j u s t  a s  g r e a t  
a n  i n c r e a s e  i n  i n t a k e  and  d i g e s t i b i l i t y  a s  d i d  a n y  o f  t h e  o t h e r  s u p p le ­
m e n ts ,  p e rh a p s  due t o  t h e  a b i l i t y  o f  rumen b a c t e r i a  t o  u t i l i z e  u r e a  a s  a  
n i t r o g e n  s o u r c e .  T h is  s u g g e s t e d  t h a t  t h e  s o u rc e  o f  d i e t a r y  n i t r o g e n  i s  
o f  l i t t l e  im p o r ta n c e  i n  d e t e r m in in g  t h e  a c c e p t a b i l i t y  o f  a  f o r a g e  p l a n t .  
The g e n e r a l  a b s e n c e  o f  l a r g e  am ounts  o f  m e t a b o l i z a b l e  n i t r o g e n  compounds 
su c h  a s  u r e a  from  n a t u r a l  fo o d  s o u r c e s ,  h o w ev er ,  s u g g e s t s  t h a t  h i g h e r  
p r o t e i n  c o n t e n t  s h o u ld  be  a  f a c t o r  i n  a  p l a n t ' s  r e l a t i v e  u t i l i z a t i o n .
Crude f a t  o r  e t h e r —e x t r a c t a b l e  c o n te n t  o f  p r e f e r r e d  p l a n t s  was 
shown t o  b e  h i g h e r  b y  H a r d i s o n  ^  ( 6 1 ) .  The p l a n t s  u s e d  i n  t h i s
s tu d y  w ere  g r a s s  s p e c i e s  w h ich  have  a  r a t h e r  low o r  n e g l i g i b l e  v o l a t i l e  
o i l  c o n t e n t ,  h o w e v e r .  D ie t z  ( 6 3 ) s t a t e d  t h a t  c ru d e  f a t  d e t e r m i n a t i o n s ,  
w h ich  in c l u d e  v o l a t i l e  o i l s  a s  w e l l  a s  m e ta b o l i z a b l e  f a t s ,  a r e  n o t  an  
in d e x  o f  e n e r g y  a v a i l a b l e  t o  a n  a n im a l  e a t i n g  f o r a g e  w i th  a  h ig h  v o l a t i l e  
o i l  c o n t e n t .
Non—n u t r i e n t  compounds a n d  s e c o n d a ry  p l a n t  p r o d u c t s  c o n s t i t u t e  
t h e  m ost r e c e n t l y  i n v e s t i g a t e d  p l a n t  f a c t o r s  i n f l u e n c i n g  r e l a t i v e  u t i l ­
i z a t i o n .  V/hile t h e r e  a r e  some v e r y  s p e c i f i c  c h e m ic a l  m echan ism s, b a s e d  
upon  s e c o n d a r y  p l a n t  p r o d u c t s ,  w h ich  p ro d u ce  s e l e c t i v e  f e e d i n g  r e s p o n s e s  
i n  i n s e c t s  ( 6 4 ) ,  no su c h  d e f i n i t e  r e s p o n s e s  have b e e n  e s t a b l i s h e d  f o r  
mammals. P e rh a p s  o n ly  t h e  c o r r e c t  e x p e r im e n ta l  t e c h n i q u e s  a r e  n e c e s s a r y  
t o  r e v e a l  m echanism s j u s t  a s  s p e c i f i c  f o r  s p e c i e s  a s  com plex a s  rum i­
n a n t s .
P o iso n o u s  compounds a r e  known t o  a f f e c t  p l a n t  p r e f e r e n c e ,  a s  
e v id e n c e d  b y  Rabas e t  ( 4 8 ) .  C a t t l e  and  s h e e p  o f f e r e d  tw o v a r i e t i e s  
o f  Sorghum su d a n e n se  and  f o u r  v a r i e t i e s  o f  Sorghum s u d a n e n se  X Sorghum
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b i c o l o r  h y b r i d s  c o n s i s t e n t l y  ch o se  v a r i e t i e s  lo w e r  i n  h y d ro g e n  c y a n id e  
c o n t e n t .  A l k a l o i d s  o f  r e e d  c a n a r y g r a s s ,  e s p e c i a l l y  t ry p ta m in e »  were 
im p u ted  a s  t h e  c a u s e  o f  d i a r r h e a  i n  c a t t l e  f e d  c lo n e s  c o n t a i n i n g  t h i s  
a l k a l o i d  I b u t  d i a r r h e a  a l s o  o c c u r r e d  a t  a  l a t e r  t im e  i n  c a t t l e  f e d  t h e  
t r y p t a m i n e —f r e e  c l o n e s  ( 6 6 ) ,  P r e v i o u s l y ,  a  p o s i t i v e  c o r r e l a t i o n  
(r= + 0 * 9 5 )  h ad  b e e n  e s t a b l i s h e d  b e tw e e n  t o t a l  a l k a l o i d  c o n te n t  and  
amount o f  f o r a g e  r e j e c t e d  i n  p a l a t a b i l i t y  t r i a l s  w i th  sh e e p  ( 6 6 ) .  
P o iso n o u s  f a c t o r s  i n  p l a n t s  a r e  n o t  a lw ay s  a v o id e d ,  h o w ev er .  A rn o ld  and  
H i l l  ( 6 7 )  c la im e d  t h a t  im p o r te d  s h e e p ,  b u t  n o t  n a t i v e  k a n g a r o o s ,  w i l l  
p r e f e r e n t i a l l y  e a t  th e  w e s t e r n  A u s t r a l i a n  p l a n t s  o f  t h e  g e n e r a  C a s t r o — 
lo b iu m  and  Q xylobium , whose m o n o f lu o r o a c e ta te  c o n te n t  i s  l e t h a l .  T h is  
a p p e a r s  t o  be  due t o  a d a p t i v e  f a c t o r s ,  t h e  k a n g a ro o s  h a v in g  e v o lv e d  t o  
a v o id  t h e  p l a n t s ,  w h i l e  s h e e p ,  w hich  have  no p r e v io u s  e x p e r i e n c e  w i th  
t h e s e  g e n e r a ,  p r o b a b ly  e a t  them  b e c a u s e  o f  some u n i d e n t i f i e d  com bina­
t i o n  o f  f a c t o r s  n o t  r e l a t e d  t o  t h e i r  p o iso n o u s  n a t u r e .
O th e r  s e c o n d a ry  p l a n t  m e t a b o l i t e s  shown t o  a f f e c t  p l a n t  s e l e c ­
t i o n  i n c l u d e  o t h e r  a l k a l o i d s ,  t a n n i n s ,  c o u m a r in s ,  and  f l a v o n o i d s .  The 
genus  L u p in u s  c o n t a i n s  q u i n o l i z i d i n e  a l k a l o i d s  w hich  a r e  a v o id e d  b y  
s h e e p ,  b u t  s t r a i n s  n o t  c o n t a i n i n g  t h e s e  compounds a r e  e a t e n  ( 6 7 ) .  O th er  
work b y  A rn o ld  a n d  H i l l  showed t h a t  g ra m ine a t  low l e v e l s  s t i m u l a t e s  
c o n su m p tio n  o f  F h a l a r i s  t u b e r o s a  w h ich  i s  a l k a l o i d  f r e e ,  b u t  t h a t  h i g h e r  
l e v e l s  (> 0 .1  p e r c e n t  o f  d r y  m a t t e r )  d e p r e s s  c o n s u m p tio n ,  i n  a  no—c h o ic e  
s i t u a t i o n .  When s h e e p  w ere  g iv e n  f r e e  c h o ic e  b e tw e e n  P . t u b e r o s a  
s p r a y e d  w i t h  t h r e e  d i f f e r e n t  g ra m ine l e v e l s ,  h o w ev e r ,  t h e y  consumed 
e q u a l  am ounts  o f  a l l  t h r e e .  T h is  i l l u s t r a t e d  t h a t  f reedom  o f  c h o ic e  i s  
a  p o o r  g u id e  t o  w hat fo o d s  w i l l  be  e a t e n  i n  a  no—c h o ic e  s i t u a t i o n .  I t
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a l s o  s u g g e s t s  t h a t  e x p e r im e n ts  t o  t e s t  t h e  r e l a t i o n s h i p s  b e tw e e n  p l a n t  
f a c t o r s  an d  r e l a t i v e  p l a n t  u t i l i z a t i o n  s h o u ld  be  c o n d u c te d  u n d e r  c o n d i­
t i o n s  a s  c l o s e  a s  p o s s i b l e  t o  t h o s e  o f  t h e  a n t i c i p a t e d  management reg im e 
T a n n in s  ( m a in ly  l e u c o a n t h o c y a n i d i n s )  i n  s e r i c e a  ( L esp ed eza  
c u n e a t a ) w ere  shown t o  d e p r e s s ,  b y  70 p e r c e n t ,  t h e  c o n su m p tio n  o f  t h i s  
f o r a g e  b y  c a t t l e  when i n c r e a s e d  from  4»0 p e r c e n t  t o  1 2 .0  p e r c e n t  o f  
f o l i a g e  d r y  w e ig h t  ( 6 7 ) .
A d d i t i o n  o f  one an d  one—h a l f  p e r c e n t  o f  co u m arin  t o  o th e r w is e  
norm al h a y  c a u s e d  a  3 2 .2  p e r c e n t  r e d u c t i o n  i n  i n t a k e  o f  t h i s  h a y  b y  
s h e e p  ( 6 7 ) .  O th e r  work c i t e d  b y  A rn o ld  an d  H i l l  ( 6 7 ) showed t h a t  s h e e p  
i n i t i a l l y  a v o id e d  a  s w e e tc lo v e r —r y e g r a s s  m ix tu re  s p ra y e d  w i th  O.5  p e r ­
c e n t  t o  1 .0  p e r c e n t  o f  c o u m a r in ,  b u t  a f t e r  t h r e e  h o u r s  consumed i t .
T h is  b e h a v i o r  was a s c r i b e d  t o  e i t h e r  an  a d ju s tm e n t  o f  t h e  s m e l l  t h r e s h ­
o ld  b y  t h e  s h e e p  t o  a c c e p t  a  f o r e i g n  s m e l l ,  once a ccu s to m ed  t o  i t ,  o r  
a  r e d u c t i o n  i n  t h e  amount o f  co u m a r in  b y  e v a p o r a t i o n  o r  a b s o r p t i o n  by  
t h e  p l a n t  m a t e r i a l .  The compound ^ h y d r o x y c i n n a m i c  a c i d ,  w hich  i s  a  
p r e c u r s o r  o f  c o u m a r in s ,  was c la im e d  t o  lo w e r  c o n su m p tio n  o f  s w e e t c l o v e r ,  
b u t  t h e r e  i s  l i t t l e  e v id e n c e  t o  s u p p o r t  t h i s .  T h e re  i s  e v id e n c e ,  how­
e v e r ,  o f  p h y s i o l o g i c a l  e f f e c t s  o f  t h i s  compound i n  c a t t l e  and  s h e e p ,  a s  
i t  i s  c o n v e r t e d  t o  d i c o u m a r o l , a n  a n t i c o a g u l a n t  ( 6 7 )*
F l a v o n o i d s ,  s p e c i f i c a l l y  i s o f l a v o n e s ,  a r e  i m p l i c a t e d  i n  d i f f e r ­
e n t i a l  c o n su m p tio n  o f  s t r a i n s  o f  s u b t e r r a n e a n  c l o v e r  b y  s h e e p .  A rn o ld  
a n d  H i l l  ( 6 7 ) c la im e d  t h a t  c e r t a i n  s t r a i n s  o f  p l a n t s  can  c o n s i s t  o f  up 
t o  10 p e r c e n t  i s o f l a v o n e s  b y  d ry  w e i g h t .  F r a n c i s  (6 8 )  in d u c e d  m u ta t i o n s  
i n  T r i f o l i u m  s u b te r r a n e u m  t o  p ro d u ce  s t r a i n s  w hich  w ere  e i t h e r  Ç— 
g l u c o s i d a s e —d e f i c i e n t , o r  d e f i c i e n t  i n  a l l  i s o f l a v o n e s .  The c o n t e n t
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o f  t h e  s t r a i n s  p ro d u c e d ,  and  t h e i r  c h a r a c t e r i s t i c s ,  a r e  sum m arized  i n  
T a h le  4*
TABLE 4 . I s o f l a v o n e  C o n te n t o f  T e s t  C lo v e r s (6 8 )
V a r i a n t I s o f l a v o n e  c o n te n t iio A x y  w e ig h t )Form om onetin G e n i s t e i n B io c h a n in  A D a id z e in
G e r a ld to n ^ 1.05 0 .6 2 1 .10 0 .0 2
972^ 1.01 0 .61 1 .12 0 .0 2
A256= 0 .2 1 1 .6 2 t r a c e 0 .9 5
l858^ 0 .1 5 — — —
^ p a r e n t  v a r i e t y  
^ l a c k s  ^—g l u c o s i d a s e  enzyme 
^ l a c k s  4 ' —m e t h y l a t i n g  enzyme 
^ i s o f l a v o n e —d e f i c i e n t  m u tan t
The mean c o n su m p tio n  o f  e a c h  o f  t h e s e  s t r a i n s  f o r  sh e e p  o v e r  a  f o u r - d a y  
g r a z i n g  p e r i o d  i s  a s  f o l l o w s  ( i n  grams o f  f r e s h  w e i g h t ) :  G e r a ld to n ,
1153; s t r a i n  9 7 2 ,  272; s t r a i n  A2 5 6 , 1177» s t r a i n  L8 5 8 , 1262. The s t r a i n  
l a c k i n g  a  ^ - g l u c o s i d a s e  enzyme was s t r o n g l y  r e j e c t e d .  As g l y c o s i d e s  
o f  t h e s e  compounds a r e  b i t t e r ,  w h e re a s  a g ly c o n e s  a r e  t a s t e l e s s ,  t h e  
h i g h e r  g l y c o s i d e  c o n t e n t  i n  v a r i e t y  972 s u g g e s t e d  t h a t  t h e  b i t t e r  t a s t e  
i s  t h e  o n ly  f a c t o r  i n f l u e n c i n g  r e j e c t i o n  o f  t h i s  s t r a i n  ( a l l  i s o f l a v o n e s  
t a b u l a t e d  a r e  a g l y c o n e s ) .
An i n s t a n c e  o f  p o s s i b l e  p r e f e r e n t i a l  u t i l i z a t i o n  o f  p l a n t s  c o n ­
t a i n i n g  h i g h e r  am ounts  o f  a  s e c o n d a ry  m e t a b o l i t e  was r e p o r t e d  b y  Radwan 
( 6 9 )"  T h ree  c l o n e s  o f  D oug las  F i r  w ere a n a ly z e d  f o r  v a r i o u s  c h e m ic a l  
c o n s t i t u e n t s ,  a n d  one c lo n e  w hich  was s u s c e p t i b l e  t o  d e e r  b ro w s in g
47
c o n t a i n e d  c h l c r o g e n i c  a c i d ,  w h ich  ( a l o n g  w i th  a n o t h e r ,  u n i d e n t i f i e d  com­
pound) was l a c k i n g  i n  l e s s  p r e f e r r e d  c l o n e s .  O th e rw is e ,  m e th an o l  ex­
t r a c t s  o f  a l l  t h r e e  c lo n e s  showed i d e n t i c a l  q u a l i t a t i v e  c o m p o s i t io n  o f  
a l l  f l u o r e s c e n t  com pounds. I n  a d d i t i o n  t o  th e  p r e s e n c e  o f  c h l o r o g e n ic  
a c i d ,  t h e  ^  v i t r o  d i g e s t i b i l i t y  o f  d ry  m a t t e r  o f  t h e  p r e f e r r e d  c lo n e  
was s i g n i f i c a n t l y  h i g h e r  t h a n  t h a t  o f  t h e  l e s s  p r e f e r r e d  c l o n e s ,  when 
d r y  m a t t e r  o f  e a c h  was i n c u b a te d  w i th  i t s  own v o l a t i l e  o i l s .  T h is  su g ­
g e s t e d  t h a t  h i g h e r  d i g e s t i b i l i t y  may be due t o  lo w e r  t o x i c i t y  o f  v o l a t i l e  
o i l s ,  b u t  w h e th e r  o r  n o t  t h i s  f a c t o r  i n f l u e n c e s  r e l a t i v e  u t i l i z a t i o n  was 
n o t  i n v e s t i g a t e d .
T h e o r i e s  o f  P l a n t  P r e f e r e n c e
C o n s id e r in g  t h e  m u l t i t u d e  o f  f a c t o r s  r e s p o n s i b l e  f o r  fo o d  p l a n t  
s e l e c t i o n ,  i t  seem s u n l i k e l y  t h a t  a n y  c o n s i s t e n t  t h e o r y  c o u ld  be p ro ­
p o se d  t o  e x p l a i n  t h e  o b s e rv e d  r e s u l t s .  N e v e r t h e l e s s ,  t h e  i d e a  o f  "n u ­
t r i t i o n a l  wisdom" h a s  b e e n  u s e d  t o  r a t i o n a l i z e  many o f  t h e  o b s e r v a t i o n s ,  
e s p e c i a l l y  i n  e a r l i e r  s t u d i e s .  S w if t  (7 0 )  s t u d i e d  d e e r  g r a z i n g  p r e f e r ­
e n c e s  i n  f i e l d s  o f  w heat a n d  c l o v e r ,  an d  fo u n d  t h a t  p l a n t s  h i g h e r  i n  
e n e r g y ,  c ru d e  p r o t e i n ,  c ru d e  f a t ,  c a lc iu m ,  and  p h o sp h o ru s  w ere p r e f e r r e d .  
H a r d i s o n  e t  a l .  ( 6 l )  fo u n d  t h a t  s t e e r s  s e l e c t  a  d i e t  c o n s i s t e n t l y  h i g h e r  
i n  c ru d e  p r o t e i n ,  e t h e r  e x t r a c t ,  and  m in e r a l  m a t t e r ,  and  lo w e r  i n  c ru d e  
f i b e r  t h a n  t h e  t o t a l  f o r a g e  a v a i l a b l e .  H ow ever, t h e  same a u t h o r  fo u n d  
no c o r r e l a t i o n  b e tw e e n  r e l a t i v e  u t i l i z a t i o n  and  s o l u b l e  c a r b o h y d r a te  
c o n t e n t .  T r ib e  (4 4 )  c i t e d  a  s tu d y  e m p lo y in g  p i g s , w h ich  c o n c lu d e d  t h a t  
t h e  v a r i a t i o n  i n  fo o d  p r e f e r e n c e  c o u ld  be  a t t r i b u t e d  t o  t h e  d e g re e  o f  a  
p i g ' s  d e v e lo p m e n t ,  r e f l e c t i n g  g e n e r a l l y  t h e  a n i m a l ' s  p h y s i o l o g i c a l
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n e e d s .  H ow ever, t h e  e x c e p t i o n s  t o  r e s p o n s e s  b a s e d  upon  n u t r i t i o n a l  n eed s  
a r e  s o  num erous t h a t  T r ib e  c o n c lu d e d  t h a t  an  a n i m a l ' s  f e e d i n g  b e h a v io r  
d o es  n o t  n e c e s s a r i l y  r e f l e c t  i t s  n u t r i t i o n a l  r e q u i r e m e n t s .
More r e c e n t  work on s e c o n d a ry  p l a n t  p r o d u c t s  and  t h e i r  e f f e c t s  
upon  p l a n t  p r e f e r e n c e  o f f e r  a n  a l t e r n a t i v e  h y p o t h e s i s .  S m ith  (7 1 )  was 
one o f  t h e  f i r s t  i n v e s t i g a t o r s  t o  n o t i c e  t h i s  phenomenon i n  h i s  s t u d y  o f  
d i f f e r e n t i a l  c o n su m p tio n  o f  j u n i p e r  b y  mule d e e r .  He n o t i c e d  t h a t  b o th  
Red J u n i p e r  ( J u n i p e r u s  s c o p u lo ru m ) and U tah  J u n i p e r  ( J .  u t a h e n s i s ) d i s ­
p la y e d  g r e a t  d i f f e r e n c e s  i n  t h e  am ounts  o f  f o l i a g e  rem oved . A n a ly s is  
o f  f o l i a g e  from  e a t e n  and  u n e a t e n  t r e e s  showed no s i g n i f i c a n t  d i f f e r e n c e  
i n  p r o t e i n ,  p h o s p h o ru s ,  o r  c ru d e  f i b e r .  Only when v o l a t i l e  o i l  d e t e r ­
m in a t io n s  w ere made was a  d i f f e r e n c e  n o t i c e a b l e ,  t h e  e a t e n  t r e e s  h a v in g  
a  lo w e r  o i l  c o n t e n t .  O th e r  s t u d i e s  (48  , 6 5 , 6 6 , 6 ? , 6 8 , 6 9 ) have d e m o n s t r a te d  
t h e  e f f e c t s  w h ich  s e c o n d a ry  p l a n t  p r o d u c t s  have  upon  r e l a t i v e  u t i l i z a ­
t i o n .  A l th o u g h  no i n v e s t i g a t o r  h a s  c la im e d  t h a t  s e c o n d a ry  compounds a r e  
c o n s i s t e n t l y  t h e  d e t e r m in i n g  p l a n t  f a c t o r  i n  r e l a t i v e  u t i l i z a t i o n ,  i n  
c e r t a i n  i n s t a n c e s  t h i s  may be  t r u e .
P e rh a p s  t h e  m ost r e a l i s t i c  a t t e m p t  t o  e x p l a i n  t h e  o b s e rv e d  d a t a  
( a t  l e a s t  f o r  d e e r )  was p u t  f o r t h  b y  L o n g h u rs t  o t  ( ? 2 ) .  T h e i r  work 
w i th  39 h i g h l y  u t i l i z e d ,  m o d e r a te ly  u t i l i z e d ,  and  u n u t i l i z e d  d e e r  f o r a g e  
s p e c i e s  showed a  d e f i n i t e  r e l a t i o n s h i p  b e tw e e n  u t i l i z a t i o n  and  d i g e s t ­
i b i l i t y .  S in c e  h i g h e r  am ounts  o f  v o l a t i l e  o i l s  from  t h e  v a r i o u s  s p e c i e s  
d i s p l a y e d  v a r y i n g  d e p r e s s i o n s  i n  v i t r o  d i g e s t i b i l i t y ,  t h e  v a r y i n g  
am ounts  and  c o m p o s i t io n s  o f  o i l s  w ere  i m p l i c a t e d  a s  a  p a r t i a l  e x p la n a ­
t i o n  f o r  t h e  d i f f e r e n c e s  i n  r e l a t i v e  u t i l i z a t i o n .  H ow ever, t h e  p r e f e r e n c e
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o f  d e e r  f o r  g r a s s e s  and  f o r b s  from  n i t r o g e n —f e r t i l i z e d  p l o t s  s u g g e s t s  
t h a t  t h e  n u t r i e n t  c o n t e n t  o f  p l a n t s  d o es  p l a y  a  r o l e  i n  t h e i r  r e l a t i v e  
u t i l i z a t i o n .  Those p l a n t s  w hich  a r e  s e l e c t e d  s h o u ld  c o n t a i n  h i ^  enough 
n u t r i e n t  c o n t e n t  and  low enough c o n t e n t  o f  a n t i m i c r o b i a l  f a c t o r s  t o  
g u a r a n t e e  p r o p e r  f u n c t i o n i n g  o f  rumen m ic ro b e s .
The O b je c t iv e  o f  and  B a s i s  f o r  T h is  S tu d y
The m ain  p u rp o se  o f  t h i s  work was t o  i n v e s t i g a t e  t h e  r e l a t i v e  
a b u n d a n c e s  o f  v o l a t i l e  compounds i n  t h e  l e a v e s  o f  s a g e b ru s h  s p e c i e s  and  
t o  d e te r m in e  a  p o s s i b l e  r e l a t i o n s h i p  b e tw e e n  v o l a t i l e  c o n te n t  an d  r e l a ­
t i v e  u t i l i z a t i o n  o f  s a g e b ru s h  a c c e s s i o n s  b y  mule d e e r  a t  a  u n i fo rm  s tu d y  
s i t e .
The im p e tu s  f o r  su ch  a  s tu d y  r e c e i v e s  s u p p o r t  from  work done by  
Nagy ^  a d . ,  a s  w e l l  a s  b y  L o n g h u rs t  ^  Oh ^  (7 3 )  i n v e s t i g a t e d
t h e  e f f e c t  o f  v a r i o u s  v o l a t i l e  o i l  com ponents  from  D ouglas  F i r  upon  
s h e e p  a n d  d e e r  rumen m i c r o b i a l  a c t i v i t y .  R e s u l t s  showed t h a t  a l l  mono— 
t e r p e n e  h y d ro c a rb o n s  h a d  no e f f e c t  o r  p rom oted  o n ly  s l i g h t l y  t h e  e v o lu ­
t i o n  o f  g a s  from  c u l t u r e s  o f  b o t h  s h e e p  and  d e e r  rumen m ic r o b e s ,  w h i le  
o x y g e n a te d  m o n o te r p e n e s , e s p e c i a l l y  m ono te rpene  a l c o h o l s ,  d e p r e s s e d  
rumen m i c r o b i a l  a c t i v i t y  o f  b o th  s h e e p  and  d e e r .  The e f f e c t s  o f  b o th  
h y d r o c a rb o n  a n d  o x y g e n a te d  m o n o te rp e n e s  w ere  more m arked i n  s h e e p  t h a n  
i n  d e e r .  O th e r  s t u d i e s  b y  Oh e t  (7 4 )  showed t h a t  t h e  i n h i b i t i o n  o f  
m i c r o b i a l  a c t i v i t y  b y  v o l a t i l e  o i l  from  D ouglas  F i r  i s  n o t  so  s t r o n g  a s  
t h a t  from  b i g  s a g e b ru s h  (91  p e r c e n t  o f  a l f a l f a  c o n t r o l  v e r s u s  43 p e r c e n t  
f o r  s a g e b r u s h ) ,  b u t  t h a t  C a l i f o r n i a  Bay ( a n  u n u t i l i z e d  p l a n t )  shows a n  
i n h i b i t i o n  g r e a t e r  t h a n  e i t h e r  D oug las  F i r  o r  b i g  s a g e b ru s h  (21 p e r c e n t
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o f  a l f a l f a  c o n t r o l ) .  F e e d in g  t r i a l s  w i t h  v a r i o u s  s p e c i e s  showed t h a t  
C a l i f o r n i a  Bay and  D ouglas  F i r  w ere  among t h e  l e a s t  p r e f e r r e d  p l a n t s ,  
h u t  b i g  s a g e b r u s h  was n o t  i n c l u d e d  i n  t h e  f e e d i n g  t r i a l s .
Nagy an d  T en g e rd y  (75 * 7 6 )  i n v e s t i g a t e d  t h e  e f f e c t s  o f  v a r y i n g  
am ounts  o f  v o l a t i l e  o i l  from  b i g  s a g e b ru s h  and  b l a c k  s a g e b ru s h  upon  
a e r o b i c  b a c t e r i a  and  d e e r  rumen b a c t e r i a .  They fo u n d  t h a t  18 m ic ro -  
l i t e r s  o f  o i l  ( f ro m  e i t h e r  s p e c i e s )  p e r  t e n  m i l l i l e t e r s  o f  n u t r i e n t  
medium was s u f f i c i e n t  t o  v i r t u a l l y  e l i m i n a t e  a l l  a e r o b i c  b a c t e r i a l  g row th  
A d d i t i o n a l l y ,  20 m i c r o l i t e r s  o f  o i l  p e r  t e n  m i l l i l e t e r s  rumen f l u i d  was 
c a p a b le  o f  i n h i b i t i n g  a lm o s t  e n t i r e l y  t h e  g row th  o f  rumen b a c t e r i a  from  
b o t h  w i l d  a n d  c a p t i v e  d e e r .  The a u t h o r s  c a l c u l a t e d  t h a t  a  d e e r  consum­
i n g  a  100 p e r c e n t  s a g e b ru s h  d i e t , w i th  a n  a v e ra g e  o f  I 5 p e r c e n t  d ry  
m a t t e r  c o n t e n t  i n  t h e  rum en, a n d  w i t h  anyw here from 1—5 p e r c e n t  v o l a t i l e  
o i l  c o n t e n t ,  w ould  have a  c o n c e n t r a t i o n  o f  I 5 t o  75 /^l o f  o i l  p e r  10 ml 
o f  rumen f l u i d .  The e f f e c t  o f  t h e s e  l e v e l s  o f  o i l  upon  rumen m ic ro b e s  
i n  v i v o , h o w e v e r ,  c o u ld  be  i n f l u e n c e d  i n  e i t h e r  d i r e c t i o n  b y  p h y s io lo g y  
i c a l  i n t e r a c t i o n s .  I f  t h e  v iv o  and  iri v i t r o  c o n d i t i o n s  a r e  a p p re c ­
i a b l y  a l i k e ,  t h e  a u t h o r s  s u rm is e d  t h a t  up  t o  50  p e r c e n t  o f  t h e  t o t a l  
d i e t  c o u ld  be  s a f e l y  consumed by  a  d e e r  a s  s a g e b r u s h ,  w i th  l i t t l e  harm 
t o  rumen m ic r o b e s .
The p r e s e n t  s tu d y  d o es  n o t  a t t e m p t  t o  a s s e s s  t h e  r e l a t i v e  l e v e l s  
o f  n u t r i e n t s ,  w h ic h ,  a c c o r d i n g  t o  t h e  h y p o t h e s i s  o f  L o n g h u rs t  e t  a l .
( 7 2 ) ,  a l s o  i n f l u e n c e  t h e  p r e f e r e n c e  o f  d e e r  f o r  f o r a g e  p l a n t s .  S t u d i e s  
b y  Hickman (7 7 )  d e m o n s t r a te d  t h a t ,  f o r  A. t r i d e n t a t a  a n d  A. a r b u s c u l a , 
t h e  s e a s o n a l  t r e n d s  f o r  c ru d e  f i b e r ,  c ru d e  p r o t e i n ,  m o i s tu r e  c o n t e n t ,  
a n d  d r y  m a t t e r  d i g e s t i b i l i t y  a r e  s i m i l a r ,  w i th  A. a r b u s c u l a  l e a d i n g  A.
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t r i d e n t a t a  i n  m o is tu r e  a n d  c ru d e  p r o t e i n  c o n te n t  d u r in g  t h e  e a r l y  p a r t  o f  
t h e  g ro w in g  s e a s o n .  T re n d s  o f  c ru d e  f i b e r  and  d ry  m a t t e r  d i g e s t i b i l i t y  
a r e  v e r y  s i m i l a r ,  w i th  d i g e s t i b i l i t y  a v e r a g i n g  4 3 -4 4  p e r c e n t  f o r  A. t r i ­
d e n t  a t  a  a n d  41—42  p e r c e n t  f o r  A. a r b u s c u l a .  Hickman r e p o r t e d  w id e ly  
v a r y i n g  t r e n d s  f o r  o t h e r  p l a n t s .  A lth o u g h  no i n f o r m a t i o n  i s  g iv e n  f o r  
o t h e r  s p e c i e s  o f  A r t e m i s i a , i t  seems r e a s o n a b l e  t o  assume t h a t  t h e  nu­
t r i e n t  c o n t e n t  o f  o t h e r  s p e c i e s  s h o u ld  be s i m i l a r ,  o r  a t  l e a s t  more 
a l i k e  one a n o t h e r  t h a n  l i k e  u n r e l a t e d  s p e c i e s .  Sheehy  ( l 8 ) ,  who s t u d i e d  
b o th  v o l a t i l e  o i l  c o m p o s i t io n  and  n u t r i e n t  l e v e l s  i n  s a g e b ru s h  r e l a t i v e  
t o  u t i l i z a t i o n  b y  mule d e e r ,  fo u n d  l i t t l e  r e l a t i o n s h i p  b e tw e e n  a c i d  
d e t e r g e n t  f i b e r  o r  c ru d e  p r o t e i n  and  r e l a t i v e  u t i l i z a t i o n  i n  s e v e n  s a g e ­
b r u s h  ta jc a ,  i n  c o m p a r iso n  w i th  t h e  r e l a t i o n s h i p  b e tw e e n  c e r t a i n  v o l a t i l e  
compounds a n d  r e l a t i v e  u t i l i z a t i o n .  T h is  s u g g e s t e d  t h a t  n u t r i e n t s  p l a y  
a  r e l a t i v e l y  s m a l l  r o l e  i n  i n f l u e n c i n g  p r e f e r e n t i a l  u t i l i z a t i o n  o f  s a g e ­
b r u s h .  A l s o ,  t h e  a d v a n ta g e  o f  a  u n i fo rm  s tu d y  p l o t  r e d u c e d  t h e  v a r i a ­
b i l i t y  o f  p r im a r y  p l a n t  c o n s t i t u e n t s  a r i s i n g  from  d i f f e r i n g  s o i l  and 
c l i m a t i c  c o n d i t i o n s .
C h a p te r  VI 
EXPERIMENTAL
D e s c r i p t i o n  o f  t h e  S tu d y  P l o t
I n  o r d e r  t o  a c h ie v e  a s  u n i fo rm  c o n d i t i o n s  a s  p o s s i b l e  f o r  
m easurem ent o f  r e l a t i v e  u t i l i z a t i o n  o f  s a g e b ru s h  f o r a g e  s p e c i e s ,  p e rm is ­
s i o n  was o b t a i n e d  t o  co n d u c t  s t u d i e s  on t h e  Gordon C reek  p l o t  o f  t h e  
U .S .D .A . F o r e s t  S e r v i c e  I n te r m o u n ta in  F o r e s t  and Range E x p e r im en t  S t a ­
t i o n ,  i n  t h e  G re a t  B a s in  E x p e r im e n ta l  A rea  n e a r  P r i c e ,  U ta h .  T h is  i s  
a n  a r e a  e s t a b l i s h e d  i n  19^7 f o r  a s s e s s i n g  f o r a g e  p r e f e r e n c e  o f  many ra n g e  
t a x a  b y  l o c a l  game. I t s  b o r d e r  w i th  l i v e s t o c k  ra n g e  i s  f e n c e d ,  b u t  t h i s  
a r e a  i s  o t h e r w i s e  u n f e n c e d ,  a l l o w i n g  a n im a ls  t o  come and go a t  w i l l .
The s o i l  i s  a  sa n d y  loam , d e r i v e d  from t h e  Emery s a n d s to n e  f o r m a t io n  
o f  t h e  Mancos s h a l e .  The p l o t  i s  a p p r o x im a te ly  15 a c r e s  i n  s i z e ,  and  
c o n s i s t s  o f  s l i g h t l y  more t h a n  100 rows o f  p l a n t s  s p a c e d  5 -1 0  f e e t  a p a r t ,  
and  e x t e n d i n g  f o r  a p p r o x im a te ly  100 y a r d s .  Not a l l  rows c o n t a i n  p l a n t s  
a l o n g  t h e i r  e n t i r e  l e n g t h .  I n d i v i d u a l  rows a r e  d i v i d e d  i n t o  a s  many a s  
10 a c c e s s i o n s  (g ro u p s  o f  d i s c r e t e  t a x a  from d e f i n i t e  g e o g r a p h ic a l  s i t e s ) ,  
c o n t a i n i n g  a s  many a s  200 p l a n t s  p e r  a c c e s s i o n .  R a i n f a l l  a t  P r i c e ,  U tah  
( e l e v a t i o n  5550  f e e t ,  I 691 m) a v e r a g e s  from 9 - 1 2  i n c h e s  ( 2 2 . 9* 3 0 .5  cm) 
p e r  y e a r ,  m ost o f  i t  o c c u r r i n g  a s  w i n t e r  snow.
At t h e  s u g g e s t i o n  o f  Mr. B ruce  G iu n ta  (Game B i o l o g i s t  w i th  t h e  
U tah  D i v i s i o n  o f  W i l d l i f e  R e s o u r c e s )  t r i p s  w ere  made t o  t h e  a r e a  a t  t h e  
m id d le  o f  O c to b e r ,  b e f o r e  t h e  d e e r  d e sc e n d  from  h i g h e r  e l e v a t i o n s ,  and  
i n  m id -M arch , when t h e  m a j o r i t y  o f  t h e  b ro w s in g  h a s  o c c u r r e d .  P o w ell  ( 1?)
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r e p o r t e d  t h a t  t h e  s m a l l e s t  v a r i a t i o n  in  v o l a t i l e  c o n te n t  b e tw e e n  p l o t s  o f  
b i g  s a g e b r u s h  o c c u r s  d u r i n g  t h e  w i n t e r ,  when t h e  p l a n t s  r e c e i v e  g r e a t e s t  
u t i l i z a t i o n  from  ra n g e  a n i m a l s .  I n  a d d i t i o n ,  a  t r i p  was made i n  mid-May, 
t o  a s s e s s  t h e  f i n a l  s t a t u s  o f  t h e  p l o t  a f t e r  d e e r  h ad  l e f t  t h e  a r e a ;  
h o w e v e r ,  d a t a  o b t a i n e d  f o r  r e l a t i v e  u t i l i z a t i o n  on t h i s  c o l l e c t i o n  d a te  
was u n r e l i a b l e  due t o  new s e a s o n a l  g row th  on a l l  t a x a  i n v e s t i g a t e d .
S a m p lin g  and  A n a ly s i s  M ethods
The m ethod  u s e d  t o  a s s e s s  p l a n t  u s e  was a  m o d i f i c a t i o n  o f  th e  
w e ig h t  e s t i m a t e  m ethod o f  Pechanec  an d  P i c k f o r d  ( ? 8 ) .  T h is  m ethod i s  
shown t o  be  more a c c u r a t e  t h a n  a  p l a n t  d e n s i t y  m ethod , and  i s  more 
q u a n t i t a t i v e  t h a n  t h e  s im p le  o c u l a r  e s t i m a t e  m ethod u s e d  p r e v i o u s l y  on 
t h e  Gordon C reek  p l o t  f o r  u t i l i z a t i o n  s t u d i e s .  The i n i t i a l  t r i p  ( Oc­
t o b e r  1 3 Ï 1975 ) i n c l u d e d  a  p r a c t i c e  s e s s i o n  a t  t h e  Snow C o l le g e  Farm in  
E p h ra im , U ta h  t o  become a c q u a i n t e d  w i th  t h e  t e c h n i q u e .  The m ethod con­
s i s t s  o f  e s t i m a t i n g  t h e  w e ig h t  o f  p a i r e d  b r a n c h e s  on t h e  same p l a n t .
T h ree  b r a n c h e s  o f  s i m i l a r  e s t i m a t e d  w e ig h t  w ere c h o se n  on e ach  o f  t h e  
64  p l a n t s  s t u d i e d .  One o f  t h e s e  was c l i p p e d  f o r  v o u c h e r  sp ec im en  and  
m a t e r i a l  f o r  f l u o r e s c e n t  compound a n a l y s i s  an d  w e ig h e d .  The w e ig h t  o f  
t h e  two r e m a in in g  b r a n c h e s  was t h e n  r e v i s e d ,  i f  n e c e s s a r y ,  on t h e  b a s i s  
o f  t h e  c l i p p e d  b r a n c h ,  and  t h e  b r a n c h e s  w ere  t a g g e d .  D u rin g  s u b se q u e n t  
t r i p s ,  one b r a n c h  p r e v i o u s l y  t a g g e d  was c l i p p e d  and  w e ig h e d ,  an d  t h e  
p e r c e n ta g e  o f  p l a n t  e a t e n  was c a l c u l a t e d  from t h e  r a t i o  o f  t h e  w e ig h t  
o f  t h e  b r a n c h  from  t h e  se c o n d  c o l l e c t i o n  d a t e  t o  t h e  w e ig h t  o f  t h e  b r a n c h  
from  t h e  f i r s t  d a t e .  T h is  m ethod assum es  a  u n i fo rm  co n su m p tio n  o f  a l l  
p a r t s  o f  t h e  p l a n t ,  an d  f o r  t h i s  r e a s o n ,  a t t e m p t s  were made t o  cho o se
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b r a n c h e s  w i t h o u t  f lo w e r  s t a l k s ,  e x c e p t  f o r  t h e  f i r s t  b r a n c h ,  when a  
f lo w e r  s t a l k  was i n c l u d e d  f o r  t h e  v o u c h e r  sp e c im e n .  F lo w er  s t a l k s ,  w hich  
d r y  o u t  a n d  t h e r e f o r e  l o s e  w e ig h t  d u r in g  t h e  dorm ant s e a s o n ,  c o u ld  be 
l e s s  a c c e p t a b l e  t o  a n im a ls  t h a n  t h e  e v e r g r e e n  l e a v e s  o f  s a g e b r u s h .
At t h e  s u g g e s t i o n  o f  Mr. G iu n ta ,  e f f o r t  was. made t o  d i s c r i m i n ­
a t e  b e tw e e n  p l a n t  u se  b y  d e e r  an d  u s e  b y  r a b b i t s , w hich  a r e  b o th  known 
t o  f r e q u e n t  t h i s  p l o t .  The u s e  by  d e e r  i s  c h a r a c t e r i z e d  b y  ro u g h ,  
ja g g e d  b r e a k s  and l e a f  rem o v a l a t  t h e  end  o f  a n  e a t e n  b r a n c h ;  w h i le  u se  
by  r a b b i t s  i s  c h a r a c t e r i z e d  b y  a  s h a r p ,  c l e a n  b r e a k  a t  t h e  end  o f  a n  
e a t e n  b r a n c h .  At t h e  March c o l l e c t i o n  d a t e ,  a l l  u se  on p l a n t s  exam ined  
a p p e a r e d  t o  be o f  t h e  fo rm e r  t y p e .  T h u s ,  i t  i s  r e a s o n a b l e  t o  assume 
t h a t  d e e r  c o n s t i t u t e d  t h e  o n ly  a n im a ls  u t i l i z i n g  t h e s e  p l a n t s  a s  f o r a g e .
I n  a d d i t i o n  t o  t h e  c o l l e c t i o n  o f  a  v o u c h e r  sp ec im e n  and  m a t e r i a l  
f o r  a n a l y s i s  o f  f l u o r e s c e n t  com pounds, b o th  t r i p s  i n c lu d e d  c o l l e c t i o n  o f  
l e a v e s  f o r  v o l a t i l e  a n a l y s i s .  The l e a v e s  w ere c o l l e c t e d  from  a l l  p a r t s  
o f  t h e  p l a n t s  on t h e  p r e s u m p t io n  t h a t  a  homogeneous c o l l e c t i o n  s h o u ld  
m in im ize  t h e  v a r i a t i o n  e x p e r i e n c e d  w i th  t r i a l  a n a l y s e s  o f  v o l a t i l e s  from 
s a g e b ru s h  c o l l e c t e d  n e a r  M is s o u la ;  a n d  a l s o  due t o  t h e  g e n e r a l l y  u n ifo rm  
b ro w s in g  w h ich  a  p l a n t  r e c e i v e s .  L eaves  c o l l e c t e d  f o r  v o l a t i l e  a n a l y s i s  
w ere p l a c e d  i n  l a b e l e d  p l a s t i c  b a g s  an d  k e p t  on d r y  i c e  f o r  t h e  r e t u r n  
t r i p  t o  M is s o u la ,  w here t h e y  w ere  s t o r e d  i n  a  f r e e z e r  a t  -15°C  u n t i l  
n e e d e d .
The m ethod u s e d  f o r  e x a m in in g  v o l a t i l e  com ponents  was a  h e a d s p a c e  
v a p o r  m e th o d .  O r i g i n a l l y ,  t h e  u se  o f  a  model 695 V a r ia n  In D u c to r  was 
i n t e n d e d ,  t o  exam ine t o t a l  v o l a t i l e s  e v o lv e d  upon  h e a t i n g  a  s l i c e  o f  a  
s i n g l e  l e a f  t o  165°C. H owever, t h e  l a c k  o f  r e p r o d u c i b i l i t y  i n  r e l a t i v e
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peak  h e i g h t  from  two s l i c e s  o f  t h e  same l e a f  showed t h i s  t o  be a n  u n s a t ­
i s f a c t o r y  m e th o d .  I n s t e a d ,  s i x  t o  e i g h t  grams o f  f r o z e n  l e a v e s  were 
g ro u n d  w i t h  a  m o r ta r  an d  p e s t l e  i n  an  i c e  b a t h  u n t i l  i n d i v i d u a l  l e a v e s  
w ere b a r e l y  d i s t i n g u i s h a b l e  ( a b o u t  two m i n u t e s ) .  A sam ple  b e tw e e n  1*5 
and  2 .5  grams was t h e n  w e ig h ed  o u t ,  t o  t h e  n e a r e s t  m i l l i g r a m ,  and  th e  
l e a v e s  w ere p l a c e d  i n  a  s p e c i a l l y  d e s ig n e d  b o t t l e  ( F ig u r e  9 )*  T h is  b o t ­
t l e  c o n s i s t e d  o f  a  p a i r  o f  ^0  ml P i e r c e  Hypo—V i a l s  c u t  l a t e r a l l y  a t  t h e  
h a l f - f u l l  p o i n t ,  and  h e l d  t o g e t h e r  w i th  epoxy  p u t t y .  One end  o f  th e  
b o t t l e  was s e a l e d  w i th  a  r u b b e r  sep tum  and  m e ta l  c a p ,  w h i le  t h e  o t h e r  
end  was l e f t  o p e n .  A f t e r  i n s e r t i o n  o f  t h e  l e a f  s a m p le ,  a  t o y  b a l l o o n  
was s t r e t c h e d  o v e r  t h e  open e n d .  Sam ples t h u s  p r e p a r e d  w ere e i t h e r  
s t o r e d  f o r  u p  t o  a  week i n  t h e  f r e e z e r ,  o r  im m e d ia te ly  a n a ly z e d .
The gas  c h ro m a to g ra p h ic  a n a l y s i s  o f  sam p les  c o n s i s t e d  o f  p l a c i n g  
a  b o t t l e  ( h e l d  i n  a  b e a k e r )  i n t o  a  d r y in g  oven s e t  a t  110^ -  2°G f o r  
20 i  1 m i n u t e s .  The b a l l o o n  was in c lu d e d  t o  a l lo w  t h e  e x p a n s io n  o f  a l l  
com ponents  i n  p r o p o r t i o n  t o  t h e i r  t r u e  v a p o r  p r e s s u r e .  A f t e r  t h e  2 0 -  
m in u te  h e a t i n g  p e r i o d ,  t h e  b o t t l e  was rem oved and  one m i l l i l i t e r  o f  a i r  
was w ith d ra w n  th r o u g h  t h e  r u b b e r  sep tum  w i th  a  g a s - t i g h t  s y r i n g e , and  
i n j e c t e d  i n t o  t h e  g as  c h ro m a to g ra p h .
D u p l i c a t e  s a m p le s  w ere r u n  f o r  e a c h  p l a n t  from  b o th  c o l l e c t i o n  
d a t e s ,  when m a t e r i a l  was a v a i l a b l e .  Due t o  t h e  s m a l l  s i z e  o f  A. pygmaea 
p l a n t s ,  i n s u f f i c i e n t  l e a f  m a t e r i a l  was a v a i l a b l e  f o r  d u p l i c a t e  r u n s  i n
V a r ia n  Model I8 OO; 8—f t .  Carbowax 20M(TPA) on Gas-Chrom Q 
1 /8  in c h  s t a i n l e s s  s t e e l  co lum n; A t t e n u a t i o n  4^10“ '^  amps/mv; Flame 
i o n i z a t i o n  d e t e c t o r ;  Np c a r r i e r  g as  f lo w  r a t e  25 m l/m in ;  programmed 
50 '̂ —220®C , lO ^ c /m in u te .
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t h r e e  c a s e s ;  and  no m a t e r i a l  was a v a i l a b l e  f o r  22 p l a n t s  on t h e  seco n d  
c o l l e c t i o n  d a t e ,  due t o  i n t e n s e  b r o w s in g .  A ls o ,  due t o  equ ipm en t mal­
f u n c t i o n i n g ,  and  i n s u f f i c i e n t  a d d i t i o n a l  p l a n t  m a t e r i a l ,  n o t a l l  p l a n t s  
c o u ld  be  a n a ly z e d  i n  d u p l i c a t e .
I n  a d d i t i o n  t o  t h e  tw o b o t t l e s  o f  l e a v e s  a n a ly z e d  f o r  most p l a n t s ,  
a  t h i r d  b o t t l e  ( o r  r e —r u n  o f  t h e  s e c o n d  b o t t l e )  was i n j e c t e d  w i th  10-20 
yh.1 o f  a  s t a n d a r d  c o n t a i n i n g  s e v e n  known m o n o te rp e n e s ,  and  w i th  10 /*1 o f  
m e t h a c r o l e i n ,  f o r  i d e n t i f i c a t i o n  o f  v o l a t i l e s  by  co—c h ro m a to g ra p h y .  The 
l a r g e  number o f  p eak s  s e e n  i n  many o f  t h e  r u n s ,  a lo n g  w i th  e r r o r  i n  r e ­
t e n t i o n  t i m e ,  w ould  have  made i d e n t i f i c a t i o n  b a s e d  upon  r e t e n t i o n  t im e  
a lo n e  d u b io u s .  F o r  t h i s  r e a s o n ,  o n ly  compounds f o r  w h ich  r e t e n t i o n  t im e  
s t a n d a r d s  w ere  a v a i l a b l e  w ere q u a n t i f i e d .  I n  t h e  c a s e  o f  a r t h o l e , th e  
compound c t - t e r p i n e n e  was u s e d  a s  a n  i n t e r n a l  s t a n d a r d ,  a s  i t  was shown 
t o  have  t h e  same r e t e n t i o n  t i m e .
C oun ts  a s  r e a d  from  t h e  A u to la b  model 6300 d i g i t a l  i n t e g r a t o r  
w ere  r e c o r d e d ,  and  t h e  q u a n t i t a t i o n  o f  p eak s  was c a l c u l a t e d  i n  two w ays: 
a s  a  p e r c e n ta g e  o f  c o u n ts  i n  a  peak  r e l a t i v e  t o  t h e  e n t i r e  number o f  
c o u n ts  i n  t h e  ch ro m ato g ram ; an d  a s  t h e  number o f  c o u n ts  i n  a  peak  p e r  
m i l l i g r a m  o f  l e a f  m a t e r i a l  a n a l y z e d ,  on a  f r e s h  w e ig h t  b a s i s .
I n  a d d i t i o n  t o  a n a l y s i s  o f  v o l a t i l e s  p ro d u c e d  by  s a g e b ru s h  
l e a v e s ,  f l u o r e s c e n t  compounds w ere e x t r a c t e d  from  d ry  s a g e b ru s h  l e a v e s  
f o r  p a p e r  c h ro m a to g ra p h y .  The m ethod u s e d  was s i m i l a r  t o  t h a t  o f  Hanks 
e t  a l . ( 3 1 ) .  One—h a l f  gram o f  d r i e d  l e a v e s  was p la c e d  i n  ^0 ml E r l e n — 
m eyer f l a s k s  w i th  7 ml o f  a b s o l u t e  m e th a n o l .  A f t e r  e x t r a c t i o n  f o r  48 
h o u r s ,  t h e  e x t r a c t  was d e c a n te d  a n d  25 ^1  w ere  s p o t t e d  on in c h  s q u a r e s  
o f  VVhatman No. 31# c h ro m a to g ra p h ic  f i l t e r  p a p e r .  The s o l v e n t  sy s te m
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u s e d  f o r  t h e  f i r s t  d im e n s io n  was n—b u t a n o l ,  a c e t o n e ,  w a te r  ( 4 : 1 : 3 ) ,  and 
f o r  t h e  s e c o n d  d im e n s io n ,  a c e t i c  a c i d ,  w a te r  ( 15 : 8 5 )* Chromatograms 
w ere  r u n  a s  c y l i n d e r s  t a p e d  a t  t h e  t o p ,  i n  one—g a l l o n  g l a s s  m ayonnaise  
j a r s .  A f t e r  d r y i n g ,  ch rom atogram s w ere v iew ed  u s i n g  longwave u l t r a ­
v i o l e t  l i g h t  b e f o r e  and  a f t e r  e x p o s u re  t o  ammonia fu m e s ,  an d  i n  d a y l i g h t  
a f t e r  ammonia e x p o s u r e ,  i n  o r d e r  t o  n o te  t h e  c o l o r  and  c o l o r  ch an g es  o f  
r e s u l t i n g  s p o t s .
D a ta  H a n d l in g  M ethods
S t a t i s t i c a l  t e c h n i q u e s  u s e d  t o  a n a ly z e  d a t a  on r e l a t i v e  u t i l i z a ­
t i o n  and  v o l a t i l e  com ponents  i n c lu d e d  a n a l y s i s  o f  v a r i a n c e  (ANOVA), 
S t u d e n t ' s  t —t e s t  f o r  p a i r e d  s a m p le s ,  an d  m u l t i p l e  l i n e a r  r e g r e s s i o n .  
D i f f e r e n c e s  i n  p l a n t  u t i l i z a t i o n  a n d  d i f f e r e n c e s  b e tw e e n  t a x a  an d  a c c e s ­
s i o n s  f o r  compounds a n a ly z e d  w ere  t e s t e d  b y  u s i n g  t h e  BI0MA3 #4 (7 9 )  p ro ­
gram ( s i n g l e  c l a s s i f i c a t i o n  and  n e s t e d  ANOVA) on t h e  U n i v e r s i t y  o f  
M ontana DECSystemlO c o m p u te r .  D i f f e r e n c e s  i n  l e v e l s  o f  v o l a t i l e  com­
pounds b e tw e e n  s a m p l in g  d a t e s  f o r  69 ch ro m a to g ra p h  r u n s  ( 4 I p l a n t s )  w ere 
t e s t e d  b y  a  S t u d e n t ' s  t —t e s t  f o r  p a i r e d  sam p les  p ro g ram , w r i t t e n  by  D r.  
Hans Z u u r in g  o f  t h e  U n i v e r s i t y  o f  M ontana S ch o o l  o f  F o r e s t r y *  I n  a d d i ­
t i o n ,  two p rog ram s from  t h e  B io m e d ic a l  Com puter P rogram s ( 8 0 ) a v a i l a b l e  
on t h e  U n i v e r s i t y  co m p u te r  w ere u s e d .
The f i r s t  o f  t h e s e ,  BMDO8 V ( a n a l y s i s  o f  v a r i a n c e )  was u s e d  t o  
d i s c o v e r  d i f f e r e n c e s  w i t h i n  and  among p l a n t  a c c e s s i o n s ,  a s  w e l l  a s  t o  
d i s c o v e r  w h ich  o f  t h e  two peak  q u a n t i t a t i o n  m ethods ( c o u n t s  i n . a  p eak  
p e r  m i l l i g r a m  f r e s h  l e a f  o r  p e r c e n ta g e  o f  c o u n t s  i n  a  peak  r e l a t i v e  t o  
t o t a l  c o u n t s  i n  a  ch rom atogram ) was more r e l i a b l e .  The d e s ig n  u s e d  was
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a  two—l e v e l  n e s t e d  ANOVA, w i th  e q u a l  c e l l  s i z e s .  D a ta  was c h o se n  from 
t h e  c o m p le te  d a t a  s e t  on e a c h  c o l l e c t i o n  d a t e  (3^  p l a n t s  r u n  i n  d u p l i c a t e  
from  12 a c c e s s i o n s  f o r  c o l l e c t i o n  d a te  1 [ O c t o b e r ] ,  and  24 p l a n t s  r u n  i n  
d u p l i c a t e  from  8 a c c e s s i o n s  f o r  c o l l e c t i o n  d a te  2 [M a rc h ] ) .  The f u l l  
d a t a  s e t  was n o t  u s e d  due t o  t h e  i n a b i l i t y  o f  t h i s  program  t o  h a n d le  un­
e q u a l  num bers o f  m easu rem en ts  i n  a l l  e x p e r im e n ta l  g r o u p s .
The s e c o n d  BMD program  u s e d  was BMD02R ( s t e p w i s e  r e g r e s s i o n ) .
T h is  was u s e d  s e v e r a l  t im e s  t o  t e s t  t h e  d ep en d en cy  o f  r e l a t i v e  u t i l i z a ­
t i o n  o f  s a g e b r u s h  b y  d e e r  u pon  t h e  e i g h t  compounds a n a l y z e d .  T h is  p ro ­
gram com putes  a  l e a s t —s q u a r e s  f i t  t o  a  s t r a i g h t  l i n e  f o r  t h a t  in d e p e n d e n t  
v a r i a b l e  w h ich  y i e l d s  t h e  g r e a t e s t  d e c r e a s e  i n  t h e  e r r o r  sum o f  s q u a r e s .
A new e q u a t i o n  i s  t h e n  d e r i v e d ,  i n c l u d i n g  t h e  in d e p e n d e n t  v a r i a b l e  w hich  
y i e l d s  t h e  n e x t  lo w e s t  e r r o r  sum o f  s q u a r e s .  T h is  p r o c e s s  i s  c o n t in u e d  
u n t i l  a l l  v a r i a b l e s  a r e  in c lu d e d  o r  u n t i l  a  p r e —s p e c i f i e d  l i m i t  i s  
r e a c h e d ,  b ey o n d  w hich  no a d d i t i o n a l  te rm s  ad d ed  t o  t h e  r e g r e s s i o n  equa­
t i o n  c o n t r i b u t e  t o  r e d u c i n g  t h e  e r r o r  sum o f  s q u a r e s .  The program  was 
r u n  f o r  t h e  e n t i r e  d a t a  s e t  on t h e  two s a m p l in g  d a t e s  ( i l l  c h ro m a to g rap h  
r u n s  an d  60 p l a n t s  from  t h e  f i r s t  d a t e ;  75 c h ro m a to g ra p h  r u n s  an d  42 
p l a n t s  from  t h e  s e c o n d  d a t e ) .  A d d i t i o n a l l y ,  t h e  program  was r u n  u s i n g  
v a l u e s  f o r  o x y g e n a te d  compounds and  f o r  h y d ro c a rb o n  m o n o te rp e n es  a s  i n ­
d i v i d u a l  g r o u p s ,  f o r  b o t h  s a m p l in g  d a t e s ;  and  f o r  a v e r a g e s  o f  compounds 
an d  a v e r a g e s  o f  u t i l i z a t i o n  v a l u e s  f o r  b o th  s a m p l in g  d a t e s .
f
C h a p te r  V II 
RESULTS AND DISCUSSION
T a b le  5 shows s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  
p l a n t s  a n d  b e tw e e n  p l a n t  a c c e s s i o n s  f o r  b o th  a n a l y s i s  m ethods a n d  b o th  
c o l l e c t i o n  d a t e s ,  f o r  e i g h t  compounds* The p re s e n c e  o f  a  d i f f e r e n c e  o f  
a  g iv e n  s i g n i f i c a n c e  l e v e l  does  n o t  i n d i c a t e  how many su ch  s i g n i f i c a n t  
d i f f e r e n c e s  t h e r e  a r e ,  b u t  i t  does  g iv e  a  g u id e  a s  t o  t h e  e x t e n t  o f  d i f ­
f e r e n c e s  i f  a l l  compounds a r e  in c lu d e d  i n  t h e  a n a l y s i s *  Only one ccxn— 
pound (oc—p i n e n e ) shows an y  s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  a c c e s s i o n s  o f  
p l a n t s  on t h e  f i r s t  c o l l e c t i o n  d a t e  f o r  c h ro m a to g ra p h ic  d a t a  h a n d le d  a s  
i n t e g r a t o r  c o u n t s  i n  a  peak  p e r  m i l l i g r a m  o f  f r e s h  l e a f  a n a ly z e d *  I n  
a l l ,  t e n  i n c i d e n c e s  o f  no s i g n i f i c a n t  d i f f e r e n c e s  o c c u r  f o r  d a t a  h a n d le d  
on t h e  b a s i s  o f  l e a f  m a t e r i a l  u s e d ,  w h i le  f o u r  i n c i d e n c e s  o f  no s i g n i f ­
i c a n t  d i f f e r e n c e s  o c c u r  f o r  d a t a  h a n d le d  on t h e  b a s i s  o f  t o t a l  c o u n ts  
i n  a  chrom atogram * A lth o u g h  t h e  m ethod o f  m easurem ent b a s e d  upon  p e r ­
c e n ta g e  o f  t o t a l  c o u n ts  i n  a  ch rom atogram  does  no t r e f l e c t  any  a b s o l u t e  
q u a n t i t y  o f  compound i n  t h e  p l a n t  m a t e r i a l ,  i t s  g r e a t e r  s e n s i t i v i t y  t o  
d i f f e r e n c e s  i n  l e v e l s  o f  compounds i n  d i f f e r e n t  p l a n t s  s u g g e s t s  t h a t  i t  
i s  more r e l i a b l e *  T h is  t a b l e  a l s o  shows t h e  r e l a t i v e  v a r i a b i l i t y  b e ­
tw e e n  a c c e s s i o n s  o f  p l a n t s ,  a s  com pared w i th  p l a n t s  w i t h i n  a c c e s s i o n s .
I n  o n ly  tw o c a s e s  ( b o th  a n a l y s i s  m e th o d s ,  b o t h  c o l l e c t i o n  d a t e s )  a r e  
t h e r e  no s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  p l a n t s ;  w h i le  f o u r t e e n  c a s e s  
e x i s t  w here  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  b e tw e e n  a c ­
c e s s i o n s *  T h is  s u g g e s t s  t h a t  t h e  d a t a  y i e l d s  v e r y  l i t t l e  s y s t e m a t i c
60
TABLE 5» S i g n i f i c a n c e  L e v e ls  f o r  which D i f f e r e n c e s  E x i s t  Between A c c ess io n s  and. Between P la n t s  W ith in
A c c e s s io n s ,  on Two C o l l e c t i o n  D ates and f o r  Two A n a ly s is  M ethods, f o r  E ig h t  Compounds A nalyzed
M e th a c ro le in « - p in e  ne camphene & -pinene a r t h o l e 1 ,8 -c in e o l e 2 -cymene camphor
F i r s t  C o l l e c t i o n  Date (1 0 /1 3 /7 5 )
(Twelve A c c e s s io n s ,  36 P la n t s )
P e rc e n ta g e s  
of T o ta l
Between
A ccessions 0 .0 0 5 0 .0 0 5 0.1 0.01 0 .0 0 5 0.01 0 .0 2 5 KS
Counts i n  a 
Chromatogram BetweenP la n t s 0 .0 0 5 0 .0 0 5 0 .0 0 5 0 .0 1 0 .0 0 5 0 .0 0 5 NS 0 ,0 0 5
Counts Per 
M ill ig ram  





P la n t s
MS
0 .0 0 5
0.1
0 ,0 2 5
NS
0 .0 0 5
KS
0 .0 0 5
KS
0 .0 0 5
KS
0 .0 0 5
KS
0 .0 0 5
KS
0 .0 0 5
Second C o l l e c t io n  Date (3 /2 2 /7 6 )  
(E ig h t  A c c e ss io n s ,  24 P la n t s )
P e rc e n ta g e s  
o f  T o ta l
Between
A ccess io n s 0 .0 0 5 0 .0 0 5 0 .0 2 5
KS 0 .0 0 5 KS 0 .0 0 5 0 .0 0 5
Counts i n  a  
Chromatogram BetweenP la n t s 0 .0 0 5 0 .0 0 5
0 .0 0 5 0 .005 0 .0 0 5 0 .0 0 5 0 .0 0 5 0 .0 0 5
Counts Per 
M il l ig ra m  
o f  F re sh  
Leaf
Between
A ccess io n s
Between
P la n t s
0 .01
NS
0 .0 0 5
0 .0 0 5
KS
0.1
0 .0 0 5
0 .0 0 5
0 .1
0 .0 0 5
KS
0 .0 0 5
0 .0 0 5
0 .0 0 5
KS
0 .0 0 5
ON
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i n f o r m a t i o n ,  inasm uch  a s  t h e  a c c e s s i o n s  s u p p o s e d ly  r e p r e s e n t  d i s c r e t e  
ta x o n o m ic  g r o u p s ,  A s i m i l a r  t a b l e  (T a b le  6 )  c l a s s i f i e s  d i f f e r e n c e s  a s  
o c c u r r i n g  w i t h i n  o r  among tax o n o m ic  g r o u p s ,  an d  t h e  r e s u l t s  a g a i n  s u g g e s t  
t h a t  t h e s e  compounds a r e  a  r e l a t i v e l y  p oo r  in d e x  o f  g e n e t i c  d i f f e r e n c e s ,  
a t  l e a s t  i n  t h i s  s t u d y .  A t a b l e  o f  a v e ra g e  v a l u e s  o f  e a c h  compound f o r  
two a c c e s s i o n s  o f  A. n o v a , f o u r  a c c e s s i o n s  o f  A. t r i d e n t a t a  s s p .  t r i ­
d e n t  a t  a  (o n e  p e rh a p s  s s p .  w y o m in g e n s is ) » and  one a c c e s s i o n  each  o f  A. 
a r b u s c u l a  a n d  A. t r i d e n t a t a  s s p .  v a s e y a n a  ( i n  A ppendix  C) shows t h a t  
t h e r e  a r e  g e n e r a l  t r e n d s  i n  c e r t a i n  com pounds. F o r  e x am p le ,  oc-pi ne ne 
i s  h ig h  i n  A. nova and  low i n  A. t r i d e n t a t a  s s p .  t r i d e n t a t a , w h i le  t h e  
r e v e r s e  i s  t r u e  f o r  m e t h a c r o l e i n ;  p-cym ene i s  v e r y  low i n  a l l  a c c e s s i o n s  
b u t  t h o s e  o f  A. n o v a . The s m a l l  number o f  tax o n o m ic  g ro u p s  a n a ly z e d  
r e q u i r e s  t h e  c a l c u l a t e d  F—s t a t i s t i c  t o  be  com pared w i th  a  r a t h e r  l a r g e  
t a b u l a t e d  F ,  a n d  makes what may b e  s i g n i f i c a n t  tax o n o m ic  d i f f e r e n c e s  
h a r d  t o  d e t e c t .
T a b le  7 shov;s v a l u e s  f o r  r e l a t i v e  p l a n t  u t i l i z a t i o n  f o r  60 o f  
t h e  64 p l a n t s  a n a l y z e d ,  a lo n g  w i th  a v e ra g e  v a l u e s  and  s i g n i f i c a n t  d i f ­
f e r e n c e s .  I n  two c a s e s ,  p e r c e n t a g e  b ro w sed  was n o t  c a l c u l a b l e  due t o  
l o s s  o f  t h e  t a g  on a  b r a n c h  whose w e ig h t  was e s t i m a t e d ;  and  i n  two o t h e r  
c a s e s ,  t h e  w e ig h t  e s t i m a t e s  w ere n o t  i n c l u d e d  a s  t h e y  w ere o b v io u s ly  i n ­
a c c u r a t e .  The v a r i a b i l i t y  i n  t h i s  m ethod i s  e v i d e n t ,  a s  t h e r e  w ere o n ly  
tw o o c c u r r e n c e s  o f  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s .  More s a m p l in g  
o f  e a c h  a c c e s s i o n  p r o b a b ly  w ould  have  r e d u c e d  t h i s  v a r i a b i l i t y  t o  a  
l a r g e  e x t e n t .  S t i l l ,  t r e n d s  i n  u t i l i z a t i o n  f o r  s e v e r a l  a c c e s s i o n s  a r e  
i n  a g re e m e n t  w i t h  p r e v io u s  d a t a ,  b a s e d  upon  s im p le  o c u l a r  e s t i m a t e s .  
T h e re  was g r e a t  d i f f e r e n c e  b e tw e e n  t h e  a c c e s s i o n s  o f  A. n o v a , t h e
TABLE 6 .  S i g n i f i c a n c e  L e v e ls  f o r  which D i f f e r e n c e s  E x i s t  W ith in  Taxonomic Groups and Among Taxonomic Groups 
on Two C o l l e c t i o n  D ates  f o r  E ig h t  Compounds, Based Upon P e rc e n ta g e  o f  Counts i n  an E n t i r e  
Chromatogram
M e th a c ro le in  o c -p inene camphene Q^pinene a r t h o l e  1 ,8 - c in e o l e  camphor
C o l l e c t io n  Date 1 (1 0 /1 3 /7 5 )








NS 0.01 NS NS NS NS NS 0.1
C o l l e c t io n  Date 2 (3 /2 2 /7 6 )








0 .1 0 .0 0 5 NS NS NS KS 0.005 NS
o\
TABLE 7* P e rc e n ta g e  U t i l i s a t i o n  f o r  60 P l a n t s  in  12 A c c e ss io n s  on th e  Gordon Creek P l o t ,  
B e tw een  10 /13 /75  and  3 /2 2 /7 6
Taxon Or ig i n a l  Loca t ion Percentage  U t i l i z a t i o n Average + S.D.
A. t r i d e n t a t a s s p . t r i d e n t a t a I n d ia n o la ,  San Pete  
County,  Utah
59.2 4 5 . 3 5 0 . 0 37.2 16 . 9  3 2 .3 - 2 0 . 9 * 32 .4 + 2 6 . 9  ab**
A. t r i d e n t a t a ssp . t r i d e n ta  t a Dove Creek,  Dolores  
County,  Colorado
57.2 23.1 69 . 4 6 5 . 0 53.7+^21.0 ab
t r i d e n t a t a s sp. t r i d e n t a ta Trough S p r in gs ,  Humboldt 
County,  Nevada
I 53 .3 4 6 . 4 22 .5 4 0 . 7 + 1 6 . 2  ab
A. t r i d e n t a t a s sp . wiforrungcnsi sf Trough S pr in g s ,  Humboldt 4 4 . 3 - 17 .9^ 5 . 5 6 . 4 2 6 . 9 13 . 0+ 23 .6  a
County,  Nevada
A. t r i d e n t a t a ssp. v a s e y a n a Hobble Creek,  Utah 
County,  Utah
77 .5 70 .0 8 7 . 8 75 .0 6 7 . 0  73 . 0 6 4 . 6 7 3 . 5 + 7 . 7  b
f). t r i d c n t a t a ssp . va s e y a n a Wallsburg,  Wasatch 
County,  Utah
77 .3 56 . 9 52 .3 3 3 . 0 54 .9 + 1 8 . 2  ab
A . nova Manti Dump, San Pete  
County,  Utah
24 .5 43.1 47.1 2 8 . 0 -Z.O* 2 8 . 1 + 1 9 . 4  ab
.4. nova Wingate Mesa,  Utah 68 .3 54 .2 72 .0 52 .2 58 .2 61.0+^8. 7 ab
A, a r b u s c u l a  SSp, a r b u s c u l a Indian Peaks,  Utah 8 6 . 4 71 . 0 67 .7 6 6 . 0 5 6 . 5 7 0 . 0 +1 2 .5  b
A. b i q e l o v i i C a s t le  Dale ,  Emery 
County,  Utah
6 4 . 3 5 8 . 0 65 .0 6 8 . 5 77 .3 66 . 6+7 .1  ab
A, cana  SSp. v i s c i d u l a S o l d i e r  Summit, Wasatch 
County,  Utah
57 .2 4 0 . 6 63 .3 51 .6 22 .4 47 .0+16 .1  ab
A. ruanaea^ J oh n' s  V a l l e y ,  Utah 75 .0 70 .0 60 .0 0 . 0 6 5 . 0 54 .0 + 3 0 . 7  ab 1
Possibly  belongs in ssp. t r i d e n  t a  t a  
♦Reflects  poor weight estimation




a c c e s s i o n  from  W ingate  Mesa b e i n g  c o n s i s t e n t l y  more h i g h l y  u t i l i z e d  i n  
1972 a n d  1973 ( o c u l a r  e s t i m a t e )  a s  w e l l  a s  1976 (w e ig h t  e s t i m a t e ) .  D if ­
f e r e n c e s  w i t h  t h e  s p e c i e s  t r i d e n t a t a  w ere a l s o  c o n s i s t e n t  w i th  p r e ­
v i o u s  e s t i m a t e s .  _A. t r i d e n t a t a  s s p .  v a s e y a n a  from  Hobble C reek  was conr- 
s i s t e n t l y  p r e f e r r e d  o u t  o f  a l l  a c c e s s i o n s  s t u d i e d ,  r e c e i v i n g  60 p e r c e n t  
u t i l i z a t i o n  i n  1972 and  19731 an d  73*5 p e r c e n t  u t i l i z a t i o n  i n  1976. 
A c t u a l l y ,  t h i s  a c c e s s i o n  r e c e i v e d  g r e a t e r  t h a n  100 p e r c e n t  u t i l i z a t i o n  
b a s e d  upon  a n  o c u l a r  e s t i m a t e .  M ild  w e a th e r  may have  c o n t r i b u t e d  t o  th e  
a v a i l a b i l i t y  o f  t h i s  a c c e s s i o n ,  w h ic h ,  b e i n g  c o n s i s t e n t l y  p r e f e r r e d ,  was 
b ro w se d  c l o s e  t o  t h e  g ro u n d  an d  w ould  have  b e e n  u n a v a i l a b l e  f o r  u s e  u n d e r  
deep  snow . A. t r i d e n t a t a  s s p ,  v a s e y a n a  from  W a l lsb u rg  r e c e i v e d  h e a v i e r  
u se  t h a n  i s  i n d i c a t e d  b y  t h e  w e ig h t  e s t i m a t e  f i g u r e ,  a s  l e a v e s  w ere 
s t r i p p e d  from  s tem s  t o  a  g r e a t e r  d e g re e  t h a n  i n  o t h e r  a c c e s s i o n s ,  and  
t h e  d e n s e r  s tem  re m a in e d  t o  make t h e  a c t u a l  p e r c e n ta g e  t a k e n  somewhat 
h i g h e r  t h a n  t h e  w e ig h t  e s t i m a t e  w ould  i n d i c a t e .  T h is  a c c e s s i o n  r e c e i v e d  
70 an d  60 p e r c e n t  u t i l i s a t i o n  i n  1972 an d  1973 ( o c u l a r  e s t i m a t e ) .  A. 
t r i d e n t a t a  s s p .  w yom ingensis  from  Trough S p r in g s ,  N evada, showed lo w e s t  
u t i l i z a t i o n  o f  an y  a c c e s s i o n .  T h is  s u p p o r t s  t h e  s u s p i c i o n  o f  t h e  p e r ­
s o n n e l  a t  t h e  G re a t  B a s i n  E x p e r im e n ta l  A rea  t h a t  t h i s  a c c e s s i o n  i s  
r e a l l y  s s p .  t r i d e n t a t a , b e c a u s e  t h e  s s p .  w yom ingensis  i s  p r e f e r r e d  t o  
s s p .  t r i d e n t a t a  (B .  G iu n ta ,  p e r s o n a l  o b s e r v a t i o n ) .  T h is  a c c e s s i o n  
showed u n u s u a l l y  low u t i l i z a t i o n ,  a s  p r e v io u s  ( o c u l a r )  e s t i m a t e s  w ere  
50  p e r c e n t  u t i l i z e d  i n  1972, a n d  4 O p e r c e n t  i n  1973. A. c a n a  s s p .  
v i s c i d u l a , w h ich  i s  r e a d i l y  d e c id u o u s  d u r i n g  t h e  w i n t e r  ( 1 ) ,  showed 
47*0 p e r c e n t  u t i l i z a t i o n  i n  1976. The w e ig h t  e s t i m a t e  f i g u r e  may be 
lo w , due t o  l e a f  l o s s .  O c u la r  e s t i m a t e s  w ere  70 p e r c e n t  u t i l i z e d  i n
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1972 a n d  20 p e r c e n t  i n  1 9 7 3 » w h ich  p r o b a b ly  r e f l e c t s  t h e  s e v e r i t y  o f  t h e  
1972—73 w i n t e r  com pared  w i t h  t h a t  o f  197 1 -7 2 .
R e s u l t s  o f  t h e  s t e p w is e  r e g r e s s i o n  a n a l y s e s  u s e d  t o  e x p l a i n  v a r ­
i a t i o n  i n  r e l a t i v e  u t i l i z a t i o n  o f  p l a n t s  by  l e v e l s  o f  v o l a t i l e  compounds 
a r e  shown i n  T a b le  8 .  I n  a l l  r e g r e s s i o n s  w here i t  o c c u r s ,  a r t h o l e  i s  
t h e  compound w hich  makes t h e  g r e a t e s t  r e d u c t i o n  i n  t h e  e r r o r  sum o f  
s q u a r e s .  On b o th  c o l l e c t i o n  d a t e s ,  i t  e x p l a i n s  a p p r o x im a te ly  7*5 p e r — 
c e n t  (R v a l u e )  o f  t h e  v a r i a b i l i t y  i n  r e l a t i v e  u t i l i z a t i o n  among a l l  
p l a n t s  s t u d i e d .  The n e x t  most i n f l u e n t i a l  compounds a r e  m e t h a c r o l e i n ,  
w h ich  a c c o u n t s  f o r  4*8 a n d  3*4 p e r c e n t  o f  t h e  v a r i a t i o n  f o r  t h e  f i r s t  
and  s e c o n d  c o l l e c t i o n  t i m e s ;  a n d  o c -p in en e ,  w hich  a c c o u n t s  f o r  1 .7  and  
9 . 0  p e r c e n t  o f  t h e  v a r i a t i o n  f o r  t h e  f i r s t  and  seco n d  c o l l e c t i o n  t i m e s .
I n  a l l ,  t h e s e  t h r e e  compounds a c c o u n t  f o r  I4 .O p e r c e n t  and 2 0 ,0  p e r c e n t  
o f  t h e  v a r i a b i l i t y  i n  r e l a t i v e  u t i l i z a t i o n ,  when e n t e r e d  i n  a n  e q u a t i o n
w i t h  a l l  e i g h t  v a r i a b l e s .  T h is  com pares  w i th  15*9 p e r c e n t  and  2 0 ,7  p e r —
2
c e n t  a s  t h e  f i n a l  R v a lu e  f o r  a l l  e i g h t  com pounds, f o r  t h e  f i r s t  and  
s e c o n d  c o l l e c t i o n  t i m e s ,  r e s p e c t i v e l y .  F o r  r e g r e s s i o n  r e s u l t s  c a l c u l a t e d  
on t h e  b a s i s  o f  a v e ra g e  v a l u e s  ( e i t h e r  12 o r  8 d a t a  s e t s ) ,  a r t h o l e  i s  
a g a i n  t h e  v a r i a b l e  c a u s i n g  g r e a t e s t  r e d u c t i o n  i n  t h e  e r r o r  sum o f  
s q u a r e s ;  h o w ev e r ,  t h e  u n d e s i r a b i l i t y  o f  u s i n g  few d a t a  s e t s  com pared 
w i t h  t h e  number o f  in d e p e n d e n t  v a r i a b l e s  s u g g e s t s  t h a t  i t s  r e l a t i v e l y
p
h i g h  R v a l u e s  ( 2 8 .7  p e r c e n t  a n d  2 0 .8  p e r c e n t )  a r e  n o t  r e a l i s t i c .  I n  
f a c t ,  f o r  c o l l e c t i o n  d a t e  2 , when o n ly  e i g h t  a c c e s s i o n s  w ere a v a i l a b l e  
f o r  v o l a t i l e  a n a l y s i s ,  100 p e r c e n t  o f  t h e  v a r i a t i o n  i n  r e l a t i v e  u t i l i z a ­
t i o n  was e x p l a i n a b l e  u s i n g  s e v e n  o f  t h e  e i g h t  compounds a n a l y z e d ,  due
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TABLE 8 .  R e s u l t s  o f  BMD S te p w ise  R e g r e s s io n  Program  f o r  D i f f e r e n t  S am p lin g  
D a te s  an d  Compound Groups
Final C oeffic ient Standard Error
Step Variable Multiple Increase in Regression o f  Regression
Number Entered. No. in R: Equation C oeffic ien t
Data Based on Per­ A
centage of  Total 1 Arthole,5 0.2739 0.0750 0.0750 -0.6324 0.2992
Counts: F irst  Col­ 2 Methacrolein,! 0.3503 0.1227 0.0477 -0.2662 0.1204
le c t io n  Date 3 a-Pinene,2 0.3737 0.1397 0.0170 -0.1856 0.1605
(111 Data Sets) 4 Catnphene,3 0.3854 0.1486 0.0089 -0.5353 0.4132
5 1 ,8-Cineole,6 0.3463 0.1570 0.0085 +0.2834 0,3256
6 ft-Pinene,4 0.3930 0.1581 0.0014 +0.6162 1.3382
7 Camphor,8 0.3988 0.1590 0.0006 +0.1146 0.3544
8 p-Cymene,7 0.3991 0.1593 0.0003 -0.1356 0.7782
Second 1 Arthole,5 0.2736 0.0749 0.0749 -0.9890 0.3937
Col lec t ion 2 Methacrolein,! 0.3306 0.1093 0.0344 -0.4611 0.1643
Date 3 o-PJnene,2 0.4469 0.1997 0.0904 -0.7410 0.3418
(75 Data Sets) 4 Camphor,8 0.4517 0.2041 0.0044 -0.4200 0.6962
5 ft-Pinene.4 0.4593 0.2064 0.0023 +0.4593 1.0802
6 Camphene.3 0,4548 0,2068 0.0005 +0.1760 0.7043
7 p-Cymene,7 0.4558 0.2073 0.0004 +0.2017 0.9618
8 1 ,8-Cineole,6 0.4555 0.2074 0.0002 -0.1023 0.8450
C ollection  I: 1 p-Cymene,4 0.0793 0.0063 0.0063 +0.4246 0.7201
Hydrocarbon 2 Camphene.2 0.1020 0.0104 0.0041 -0.3444 0.4604
Monoterpenes 3 ft-Pinene;3 0.1275 0.0162 0.0058 +0.8149 1.3668
4 a-Pinene,l 0.1312 0.0172 0.0010 +0.0467 0.1447
Oxygenated 1 Arthole,2 0.2739 0.0750 0.0750 -0.1858 0.0969
Compounds 2 Methacrolein,! 0.3503 0.1227 0.0477 -0.6160 0.2747
h 1,B-Cinecle,3 0.3645 0.1328 0.0101 +0.3378 0.29 6 5
C ollection  II: 1 a-Pinena,! 0.0702 0.0049 0.0049 -0.3465 0.3285
Hydrocarbon 2 p-Cymene,4 0.1318 0.0174 0.0124 +0.8124 0.8726
Monoterpenes h camphen*,3 0.1326 0.0176 0.0002 +0.0752 0.6145
Oxygenated 1 Arthole,2 0.2736 0,0749 0.0749 -0.8250 0 , 3921
Compounds 2 Methacrolein,! 0.3306 0.1093 0.0344 -0.2776 0.1458
3 Camphor,4 0.3598 0.1294 0.0202 -0.6729 0.5598
4 1,8-Cineole ,3 0.3611 0.1304 0.0010 -0.2105 0.7562
Average Values . 1 Arthole,5 0.5355 0.2868 0.2868 -2.3400 0.5332
for 12 Accessions 2 1,8-Cineole,6 0.6065 0.3679 0.0811 -1.6978 0.9899
(C ollection  Date 1 3 a-Pinene,2 0.6804 0.4629 0.0950 -1.4823 0 . 30 53
12 Data Sets) 4 Methacrolein,! 0.8808 0.7759 0.3130 -0.7919 0.2004
5 Camphene,3 0.9187 0.8440 0.0601 -6.1020 2.5460
6 Camphor,8 0.9572 0.9162 0.0722 +8.8737 4.1825
7 p-Cymene,7 0.9794 0.9592 0.0430 -6.5762 4.2903
8 ft-Pinene,4 0.9794 0.9593 0.0001 +0.2678. 4.1300
Average Values 
for 8 Accessions' 
(C ollec tion  Date 
















0.4506 0.2085  
0.7519 0.5654 
0.8847 0.7027 
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t o  r e d u c t i o n  o f  t h e  e r r o r  sum o f  s q u a r e s  t o  z e ro  i n  t h e  l a s t  s t e p  o f  th e  
r e g r e s s i o n .
D a ta  f o r  r e g r e s s i o n  b a s e d  upon  compound g ro u p s  (h y d ro c a rb o n  o r  
o x y g e n a te d )  shows t h a t  o x y g e n a te d  compounds e x p l a i n  a p p r o x im a te ly  13 
p e r c e n t  o f  t h e  v a r i a t i o n  i n  r e l a t i v e  u t i l i z a t i o n »  w h i le  h y d ro c a rb o n  com­
pounds e x p l a i n  a  l i t t l e  l e s s  t h a n  2 p e r c e n t .  A ls o ,  i n  f i v e  ou t o f  s e v e n  
c a s e s ,  h y d r o c a rb o n  compounds w ere p o s i t i v e l y  c o r r e l a t e d  w i th  u t i l i z a t i o n ,
w h i le  i n  s i x  o u t  o f  s e v e n  c a s e s ,  o x y g e n a te d  compounds were n e g a t i v e l y
2
c o r r e l a t e d  w i th  u t i l i z a t i o n .  A l t h o u ^  t h e  R v a l u e s  a r e  low , t h i s  
f i n d i n g  a g r e e s  w i t h  t h e  v i t r o  work o f  Oh e ^  a J .  ( 7 3 ) ,  who fo u n d  t h a t  
m o n o te rp e n e  h y d ro c a rb o n s  h ad  l i t t l e  e f f e c t  o r  s l i g h t l y  p rom oted  m i c r o b ia l  
a c t i v i t y ,  w h i le  oxygena'^ d  m o n o te rp e n e s  d e p r e s s e d  m i c r o b i a l  a c t i v i t y .  
W hile i t  i s  d i f f i c u l t  t o  e x t r a p o l a t e  from  t h e  i j i  v i t r o  t o  a n  v iv o  
s i t u a t i o n ,  t h e  p r e s e n c e  o f  such  a n  a g reem en t i s  w o r th  n o t i n g .
A lth o u g h  t h e  c o r r e l a t i o n  b e tw e e n  r e l a t i v e  u t i l i z a t i o n  and  
v o l a t i l e  compound l e v e l s  i s  low on b o th  c o l l e c t i o n  d a t e s ,  t h e  l a t e r  
d a t e  (M arch 22 , 1976) y i e l d s  v a l u e s  w hich  g iv e  a  4*8 p e r c e n t  h i g h e r  R 
v a lu e  t h a n  t h e  e a r l y  d a t e  ( O c to b e r  13, 1975)* T h is  s u g g e s t s  t h a t  any  
i n f l u e n c e  t h a t  t h e s e  compounds m ig h t have  u p o n  r e l a t i v e  u t i l i z a t i o n  i s  
e s t a b l i s h e d  d u r i n g  w i n t e r ,  when o i l  c o m p o s i t io n  i s  l e a s t  v a r i a b l e  (4 5 )*  
H ow ever, t h i s  s u g g e s t i o n  s h o u ld  n o t  be t a k e n  t o o  s e r i o u s l y ,  a s  Hagy 
( 8 )  a l s o  h a s  e v id e n c e  s u g g e s t i n g  t h a t  v o l a t i l e  o i l  c o m p o s i t io n  i s  s u b j e c t  
t o  d i u r n a l ,  a s  w e l l  a s  s e a s o n a l  v a r i a t i o n *
A p a i r e d  sam ple  S t u d e n t ’ s  t —t e s t ,  co m p a r in g  d i f f e r e n c e s  i n  l e v e l s  
o f  compounds i n  41 p l a n t s  t a k e n  i n d i v i d u a l l y  (69  c h ro m a to g ra p h  r u n s )  
showed t h a t  t h r e e  o f  t h e  e i g h t  compounds d i f f e r  s i g n i f i c a n t l y  on t h e
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two c o l l e c t i o n  d a t e s .  M e t h a c r o l e i n  an d  oc-pinene were s i g n i f i c a n t l y  
h i g h e r  ( P  O.O5 an d  P < 0 . 0 0 1 ,  r e s p e c t i v e l y )  on t h e  f i r s t  c o l l e c t i o n  
d a t e ,  w h i l e  a r t h o l e  i s  j u s t  s i g n i f i c a n t l y  lo w e r  ( P  < O.IO) on t h e  f i r s t  
c o l l e c t i o n  d a t e .  These  a r e  a l s o  t h e  t h r e e  compounds c o n t r i b u t i n g  most t o  
r e d u c i n g  t h e  e r r o r  sum o f  s q u a r e s  i n  t h e  r e g r e s s i o n  r e s u l t s .  S i n c e  r e ­
g r e s s i o n  d a t a  was o b t a i n e d  f o r  s a m p l in g  d a t e s  i n d e p e n d e n t l y ,  t h e r e  i s  no 
way t h i s  r e s u l t  c o u l d  have  a r i s e n  due t o  d a t a  h a n d l i n g  m e th o d s .  An i n ­
t e r p r e t a t i o n  o f  t h i s  r e s u l t ,  h o w e v e r ,  r e m a in s  o b s c u r e .
A l l  t a b u l a t e d  r e s u l t s  were  o b t a i n e d  w i t h  d a t a  m easu red  a s  p e r —̂ 
c e n t  age  o f  c o u n t s  i n  a  peak  r e l a t i v e  t o  t h e  t o t a l  number o f  c o u n t s  i n  a  
c h ro m a to g ra m .  A l th o u g h  t h i s  method g i v e s  no i n f o r m a t i o n  on a b s o l u t e  
am ounts  o f  compound i n  a  p l a n t  s a m p le ,  i t  does  o f f e r  more r e p r o d u c i b l e  
r e s u l t s  t h a n  a  measurem ent  b a s e d  on amount o f  l e a f  m a t e r i a l  u s e d .  I n  
many c h r o m a t o g r a p h i c  r u n s ,  t h e  h e i g h t  o f  c o r r e s p o n d i n g  p eak s  f o r  d u p l i ­
c a t e  r u n s  were  d i f f e r e n t  w i t h  r e s p e c t  t o  l e a f  m a t e r i a l  u s e d ,  b u t  r e l a ­
t i v e l y  s t a b l e  w i t h  r e s p e c t  t o  t o t a l  a r e a  u n d e r  t h e  c h r o m a to g ra p h ic  t r a c e .  
T h i s  c a n  be  a t t r i b u t e d  t o  v a r i a t i o n  i n  oven  t e m p e r a t u r e  o r  t im e  s p e n t  
h e a t i n g ,  w h ich  v/as c a r e f u l l y ,  b u t  n o t  r i g o r o u s l y  c o n t r o l l e d .  A l s o ,  t h e  
p r e s e n c e  o f  u n i d e n t i f i e d  p eak s  l a t e  i n  t h e  chromatogram f o r  one o f  a  
p a i r  o f  d u p l i c a t e  r u n s  was n o t e d .  V/hile t h i s  phenomenon o c c u r r e d  l e s s  
f r e q u e n t l y  t h a n  t h e  f o rm e r  o n e , i t  c a u s e d  a  l a c k  o f  r e p r o d u c i b i l i t y  w i t h  
d a t a  b a s e d  u p o n  t o t a l  a r e a .  T h i s  phenomenon was n e v e r  e x p l a i n e d ,  a s  i t  
d i d  n o t  o c c u r  c o n s i s t e n t l y .  As no r e s p o n s e  f a c t o r s  were d e t e r m i n e d  f o r  
t h e  compounds a n a l y z e d ,  i t  was f e l t  t h a t  amounts  o f  compound r e l a t i v e  t o  
t h e  e n t i r e  ch rom atogram  would  be a  more r e a l i s t i c  m e asu rem e n t .  Measure­
m en ts  o f  i n d i v i d u a l  peaks  b a s e d  upon  t o t a l  a r e a  u n d e r  a  c h r o m a t o g r a p h i c
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t r a c e  ( n o r m a l i s a t i o n )  i s  r e l a t i v e l y  i n s e n s i t i v e  t o  d i f f e r e n c e s  i n  t h e  r e ­
c o r d e r  r e s p o n s e  o f  d i f f e r e n t  compounds.
The e i g h t  compounds a n a l y z e d  c o n s t i t u t e d ,  an  a v e r a g e  o f  62 p e r c e n t  
o f  t h e  c o u n t s  r e c o r d e d  by  t h e  d i g i t a l  i n t e g r a t o r  on t h e  f i r s t  c o l l e c t i o n  
d a t e ,  an d  60 p e r c e n t  o f  t h e  i n t e g r a t o r  c o u n t s  on t h e  sec o n d  c o l l e c t i o n  
d a t e .  The r e m a i n i n g  40  p e r c e n t  was no t  q u a n t i f i e d ,  and may have  c o n t r i b ­
u t e d  some t o  e x p l a i n i n g  t h e  v a r i a t i o n  i n  u t i l i z a t i o n .  The l a r g e  number 
o f  components  n o t  a n a l y z e d  (most  chrom atogram s c o n t a i n e d  30 o r  more 
p e a k s )  makes i t  im p ro b a b le  t h a t  an y  one u n a n a l y z e d  component c o n t r i b u t e d  
t o  e x p l a i n i n g  r e l a t i v e  u t i l i z a t i o n .  One c an n o t  r u l e  ou t  a n  i n t e r a c t i o n  
b e tw e e n  t h e s e  u n a n a l y z e d  co m p o n en ts ,  h o w ev er .  F o r  t h e  r e g r e s s i o n  d a t a
on a l l  e i g h t  a n a l y z e d  compounds ( c o l l e c t i o n  d a t e  2 ) ,  oL-pinene c o n t r i b -
2
u t e d  9 p e r c e n t  t o  i n c r e a s i n g  t h e  R v a l u e  when e n t e r e d  t h i r d  i n  a  r e ­
g r e s s i o n  e q u a t i o n ;  w h i l e  i t  c o n t r i b u t e d  o n l y  O.5  p e r c e n t  when e n t e r e d  
w i t h o u t  o x y g e n a te d  compounds.  T h i s  d e n o t e s  a n  i n t e r a c t i o n  b e tw e e n
v a r i a b l e s  i n  t h e  f i r s t  c a s e ,  oL-pinene c o n t r i b u t i n g  a  g r e a t e r  p r o p o r t i o n
2
t o  t h e  R v a l u e  a f t e r  m e t h a c r o l e i n  and  a r t h o l e  a r e  p r e s e n t ,  t h a n  when
e n t e r e d  w i t h o u t  t h e s e  two v a r i a b l e s .  The d u b io u s  n a t u r e  o f  any  t r u e
r e l a t i o n s h i p  b e tw e e n  in d e p e n d e n t  and  d e p e n d e n t  v a r i a b l e s  w i t h  so  s m a l l
a  f i n a l  R v a l u e  (15#9 p e r c e n t  o r  2 0 .7  p e r c e n t )  makes i t  u n l i k e l y  t h a t
a n y  s im p l e  c o m b i n a t i o n  o f  v a r i a b l e s  would  c o n t r i b u t e  much t o  i n c r e a s i n g  
2
t h e  R v a l u e  f u r t h e r ;  and  more com plex  c o m b i n a t i o n s  a r e  o f  l i m i t e d  v a l u e .
D e s p i t e  t h e  g r e a t  i u t r a -  an d  i n t e r t a x o n  v a r i a b i l i t y  i n  b o t h  
v o l a t i l e  l e v e l s  and  u t i l i z a t i o n  e s t i m a t e s ,  t h e r e  a r e  some g e n e r a l i z a ­
t i o n s  t h a t  c a n  be  made;
/
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1) Low l e v e l s  o f  m e t h a c r o l e i n  t e n d  t o  be  a s s o c i a t e d  w i t h  p r e ­
f e r r e d  a c c e s s i o n s .  On t h e  f i r s t  c o l l e c t i o n  d a t e ,  a l l  a c c e s s i o n s  o f  
p l a n t s  w h ich  r e c e i v e d  a n  a v e r a g e  o f  60 p e r c e n t  o r  g r e a t e r  r e l a t i v e  u t i l ­
i z a t i o n  a v e r a g e d  6 p e r c e n t  o r  l e s s  m e t h a c r o l e i n  i n  a n a l y z e d  v o l a t i l e s .
2)  A r t h o l e  may be a n  i n d i c a t o r  o f  low u t i l i z a t i o n .  On b o t h  
c o l l e c t i o n  d a t e s ,  t h e  a c c e s s i o n  which  r e c e i v e d  l e a s t  u t i l i z a t i o n  (A. 
t r i d e n t a t a  s s p .  w y o m in g e n s i s , a c c e s s i o n  6 4 0 3 ; 13*0 p e r c e n t )  a l s o  h ad  
t h e  h i g h e s t  l e v e l s  o f  a r t h o l e  ( l 8 .1  p e r c e n t  f o r  c o l l e c t i o n ,  d a t e  1 ; 23*0 
p e r c e n t  f o r  c o l l e c t i o n  d a t e  2 ) .
23 )  While  cL—p in e n e  c o n t r i b u t e d  t h e  l a r g e s t  i n c r e a s e ,  i n  R f o r  
r e g r e s s i o n  on a l l  e i g h t  compounds v e r s u s  r e l a t i v e  u t i l i z a t i o n  f o r  t h e  
s e c o n d  c o l l e c t i o n  d a t e ,  i t  does  n o t  a p p e a r  t o  be i n f l u e n t i a l  i n  p l a n t  
p r e f e r e n c e ,  a s  b o t h  a c c e s s i o n s  o f  A. nova h ad  t h e  h i g h e s t  p e r c e n t a g e s  
o f  ol—p in e n e  on b o t h  c o l l e c t i o n  d a t e s ,  b u t  were u t i l i z e d  t o  d i f f e r e n t  
e x t e n t s .
4 )  O v e r a l l ,  i t  a p p e a r s  t h a t  o x y g e n a te d  compounds a r e  more 
c l o s e l y  r e l a t e d  t o  r e l a t i v e  u t i l i z a t i o n  t h a n  h y d r o c a r b o n  m o n o te rp e n e s ,  
a n d  t h a t  t h i s  r e l a t i o n s h i p  i s  i n v e r s e .
R e s u l t s  w i t h  t w o - d i m e n s i o n a l  p a p e r  c h ro m a to g ra p h y  o f  f l u o r e s c e n t  
compounds were  i n c o n c l u s i v e .  A l th o u g h  s p o t  p a t t e r n s  on p a p e r  c h r o ­
matograms w ere  g e n e r a l l y  r e p r o d u c i b l e  f o r  d u p l i c a t e  sam ples  o f  t h e  same 
p l a n t ,  t h e  d i a g n o s t i c  p a t t e r n s  d e s c r i b e d  i n  Hanks ^  (31 ) were  no t
o b t a i n e d .  Two g e n e r a l i z a t i o n s  w h ich  may be made a r e :
1) The b r i g h t ,  i r i d e s c e n t  s p o t  ^9  ( u n i d e n t i f i e d )  r e p o r t e d  a s  
o c c u r r i n g  i n  p r e f e r r e d  t a x a  o f  s a g e b r u s h  more c o n s i s t e n t l y  and  l a r g e r  
t h a n  i n  n o n - p r e f e r r e d  t a x a  was p r e s e n t  i n  a l l  p l a n t s  o f  A. t r i d e n t a t a
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s sp *  v a s e y a n a  (H obb le  C r e e k ) ,  w h ich  was most u t i l i z e d ;  and  was g e n e r a l l y  
s m a l l  o r  a b s e n t  i n  a l l  t a x a  o f  A* t r i d e n t a t a  s sp*  t r i d e n t a t a , which  were 
g e n e r a l l y  l e s s  p r e f e r r e d *  However ,  i t  was p r e s e n t  i n  t h r e e  o f  t h e  f i v e  
p l a n t s  o f  A* t r i d e n t a t a  s sp*  w yom ingensis  (Trough  S p r i n g s ;  d i s p u t e d  c l a s ­
s i f i c a t i o n ) ,  w h ich  was l e a s t  u t i l i z e d  o f  a l l  a c c e s s i o n s *
2 ) The two a c c e s s i o n s  o f  A* n o v a , wh ich  were v e r y  s i m i l a r  i n  
v o l a t i l e  c o m p o s i t i o n  b u t  q u i t e  d i f f e r e n t  i n  r e l a t i v e  u t i l i z a t i o n ,  showed 
a  g e n e r a l  t r e n d  i n  t h e  f l u o r e s c e n t  a n a l y s i s *  A. nova f rom Wingate  Mesa 
( p r e f e r r e d )  e x h i b i t e d  a  b r i g h t e r  s p o t  p a t t e r n  on t w o - d im e n s i o n a l  p a p e r  
c h r o m a to g ra p h y  t h a n  t h e  r e l a t i v e l y  u n u t i l i z e d  A. nova from Manti  Dump* 
O t h e r w i s e ,  no c o n s i s t e n c y  was o b s e r v e d  i n  s p o t  p a t t e r n s  f o r  t h e s e  a c ­
c e s s i o n s  *
F l u o r e s c e n t  compounds ( c o u m a r in s  and f l a v o n o i d s )  o f f e r  a n o t h e r  
a r e a  f o r  i n v e s t i g a t i o n  f o r  d i f f e r e n c e s  i n  r e l a t i v e  u t i l i z a t i o n ,  p e r h a p s  
o n l y  b e c a u s e  many o f  them a r e  b i t t e r  (6 8 )*  S h a f i z a d e h  and  M e ln i k o f f  
( 8 1 ) and  Brown (8 2 )  have  i d e n t i f i e d  14 f l a v o n o i d s  and  coum ar ins  f rom A* 
t r i d e n t a t a  s sp*  v a s e y a n a , b u t  many o f  t h e s e  compounds r e m a in  unideno­
t i f i e d ,  e s p e c i a l l y  i n  o t h e r  s a g e b r u s h  s p e c i e s *  There  i s  a l s o  t h e  pos­
s i b i l i t y  t h a t  s e s q u i t e r p e n e  l a c t o n e s ,  w h ich  have  t o x i c  p r o p e r t i e s  ( 8 3 ) ,  
a r e  a l s o  t o x i c  t o  rumen m i c r o o r g a n i s m s .  These  compounds a r e  u s e f u l  
t a x o n o m ic  m a rk e r s  o f  s a g e b r u s h  s p e c i e s  ( 8 4 , 8 5 , 8 6 ) ,  b u t  have  b e e n  r e l a ­
t i v e l y  u n i n v e s t i g a t e d  o t h e r w i s e *
F i n a l l y ,  any  f u r t h e r  i n v e s t i g a t i o n s  o f  r e l a t i o n s h i p s  b e tw e e n  
r e l a t i v e  u t i l i z a t i o n  o f  s a g e b r u s h  and  l e v e l s  o f  v o l a t i l e  components  
s h o u l d  c o n s i d e r  an  a n a l y s i s  method w hich  i n c l u d e s  r e l a t i v e l y  n o n - v o l a t i l e  
com ponen ts  a s  w e l l  a s  t h e  v e r y  v o l a t i l e  ones* Camphor, w h i l e  i t  was
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shown t o  h e  p r e s e n t  i n  l a r g e  c o n c e n t r a t i o n s  i n  o i l  o f  many s a g e b r u s h  
s p e c i e s  b o t h  i n  t h i s  s t u d y  and  i n  p r e v i o u s  ones  ( 4 , 8 ,9 ) was a  r e l a t i v e l y  
m in o r  c o n s t i t u e n t  i n  t h e  h e a d s p a c e  v o l a t i l e s ,  p r o b a b l y  owing t o  i t s  low 
v a p o r  p r e s s u r e .  H a l l i g a n  ( 8 7 ) r e p o r t e d  camphor t o  be t h e  most t o x i c  
t e r p e n e  o f  12 m o n o te rp e n es  o f  A. c a l i f o r n i c a , i n  g e r m i n a t i o n  b i o a s s a y s .  
O th e r  components  o f  s a g e b r u s h  v o l a t i l e s  which  a r e  s o l i d s  a t  room te m p e ra ­
t u r e  ( e . g . ,  camphene)  may no t  hav e  b e e n  r e p r e s e n t e d  i n  t h e  h e a d s p a c e  
v o l a t i l e s  t o  t h e  same d e g r e e  a s  t h e y  o c c u r  i n  t h e  p l a n t  ; w h i l e  v e r y  
v o l a t i l e  compounds ( e . g . ,  m e t h a c r o l e i n )  may have b e e n  o v e r r e p r e s e n t e d .  
Thus ,  a  m o d i f i c a t i o n  o f  t h e  p r e s e n t  t e c h n i q u e  ( low - tem per a t u r e  p y r o l y s i s  
o f  f r e e z e - d r i e d  l e a v e s ? )  i s  s u g g e s t e d  i n  f u t u r e  s t u d i e s  o f  a  s i m i l a r  
n a t u r e •
) 0
C h a p t e r  V I I I  
SUMMARY AND CONCLUSIONS
Tvjelve a c c e s s i o n s  o f  s a g e b r u s h ,  r e p r e s e n t i n g  64 p l a n t s  an d  e i g h t  
ta jca  a t  a n  u n f e n c e d  p l o t  n e a r  P r i c e ,  U ta h ,  were i n v e s t i g a t e d  w i t h  r e ­
s p e c t  t o  r e l a t i v e  u t i l i z a t i o n  by  mule d e e r  and  r e l a t i v e  l e v e l s  o f  e i g h t  
m a jo r  v o l a t i l e  compounds.  The compounds i n v e s t i g a t e d  were m e t h a c r o l e i n ,  
06—p i  ne n e , camphene ,  p i n e n e ,  a r t h o l e ,  1 ,8 —c i n e o l e ,  p-cymene , and  
cam phor .  S t e p w i s e  l i n e a r  r e g r e s s i o n  a n a l y s i s  showed 15*9 p e r c e n t  o f  t h e  
v a r i a t i o n  i n  r e l a t i v e  u t i l i z a t i o n  c o u l d  be e x p l a i n e d  b y  t h e  r e l a t i v e  
l e v e l s  o f  t h e s e  e i g h t  compounds,  f o r  t h e  f i r s t  c o l l e c t i o n  d a t e  ( O c t o b e r ) ,  
and  20*7 p e r c e n t  o f  t h e  r e l a t i v e  u t i l i z a t i o n  c o u l d  be  e x p l a i n e d  by  r e l a ­
t i v e  l e v e l s  o f  t h e s e  e i g h t  compounds,  i n  e i g h t  o f  t h e  tw e lv e  a c c e s s i o n s ,  
on t h e  s e c o n d  c o l l e c t i o n  d a t e  ( M a rc h ) .  A l though  t h e  r e l a t i o n s h i p  b e ­
tw e en  p l a n t  p r e f e r e n c e  and  r e l a t i v e  l e v e l s  o f  v o l a t i l e s  was low ,  c e r t a i n  
g e n e r a l i z a t i o n s  c o u l d  be  made:
1) Low l e v e l s  o f  m e t h a c r o l e i n  t e n d  t o  be a s s o c i a t e d  w i t h  p r e ­
f e r r e d  a c c e s s i o n s  o f  p l a n t s .  On t h e  f i r s t  c o l l e c t i o n  d a t e ,  a l l  a c c e s ­
s i o n s  o f  p l a n t s  ( f o u r )  w h ich  r e c e i v e d  60 p e r c e n t  o r  g r e a t e r  r e l a t i v e  
u t i l i z a t i o n  a v e r a g e d  6 p e r c e n t  o r  l e s s  m e t h a c r o l e i n .
2 ) A r t h o l e  may be a n  i n d i c a t o r  o f  low u t i l i z a t i o n .  On b o t h  
c o l l e c t i o n  d a t e s ,  t h e  a c c e s s i o n  w h ich  r e c e i v e d  l e a s t  u t i l i z a t i o n  a l s o  
h a d  t h e  h i g h e s t  l e v e l  o f  a r t h o l e .
23 ) While  06—p i  ne ne c o n t r i b u t e d  t h e  l a r g e s t  i n c r e a s e  i n  R f o r  
r e g r e s s i o n  on a l l  e i g h t  compounds v e r s u s  r e l a t i v e  u t i l i z a t i o n  f o r  t h e
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s e c o n d  c o l l e c t i o n  d a t e ,  i t  does  n o t  a p p e a r  t o  be i n f l u e n t i a l  i n  p l a n t  
p r e f e r e n c e .  B o th  a c c e s s i o n s  o f  A. nova h a d  h i g h e s t  p e r c e n t a g e s  o f  oc— 
p i n e n e  on b o t h  c o l l e c t i o n  d a t e s ,  b u t  were u t i l i z e d  t o  d i f f e r e n t  e x t e n t s ,
4 )  O v e r a l l ,  i t  a p p e a r s  t h a t  o x y g e n a te d  compounds ( e s p e c i a l l y  
m e t h a c r o l e i n  and  a r t h o l e )  a r e  more c l o s e l y  r e l a t e d  t o  r e l a t i v e  u t i l i z a ­
t i o n  t h a n  h y d r o c a r b o n  m o n o t e r p e n e s ,  and  t h a t  t h i s  r e l a t i o n s h i p  i s  i n ­
v e r s e  •
f
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A ppendix B. G as ch ro m ato g ram s of volatile oils 
of five sag eb ru sh  tax a .
CON D ITI O NS  (al l  r u n s ) :
C o l u m n :  8 f t .  C a r b o w a x  20M(TPA)  57. 
on  G a s - C h r o m  Q 1 0 0 / 1 2 0  m e s h  
N2 c a r r i e r - -  2 5  m l . / m i n .
P r o g r a m :  50  — 220* C, lO 'C /m i n .
m e t h y l  s o n t o l i n o t f -
o r t e m i i l o  o c e t a l e
c y m e n e
c o m  p h  o r
t i m e  (m in . )
A. t r i d e n  to  t o  s s p .  t r i d e n t a t o
nr.  P e r m o ,  M o n t a n a
c o l l e c t e d  ^ 1 0 ^ 7 5
T o m o o i  o l coKol
s o n l o l i n o  » p o > * d e
1 , 8 - c i n e o l ©
o  r t  h o l e
Pinene
t o m p n e n e
CD
On
A. t r i d e n t o t c  s s p .  v a s e y o n a
^ . B — ( i n e o l e
Trail  C r e e k  ( B e a v e r h e a d  Cty.)
T T 102 4 6 16TIME fminJ
03-J
c o m p h o r
A. n o v o
S h e e p  C r e e k  ( B e a v e r h e a d  CtyJ
c o l l e c t e d  ^ Y 2 p .
1-8- c ineo le
c o m p h e n e - c y m e n e
CD
CD
c a m p h o r
1 , 8 - c i n e o l e
A. c o n o  ssp.  c o n a
S o p p i n g t o n  B r i d g e  { G a l l a t i n  f . )  
c o l l e c t e d  ^ 2 l / 7 5^ - p i n e n e
c a m p h e n e
CD
T I M E  (min. )
CO m p h o  r
m e t h y l  s a r r t o t i n a t e
A- g r b u s c u l a  s s p .  o r b u s c u l o
B a d g e r  P a s s  ( B e a v e r h e a d  CfyJ
s g n t o l i n a  e p o x i d e
c a m p h e n  e
c o l l e c t e d  ^ l y 7 5
a r t h o l e
1 .8 - c i n e o l e
t im e  (min.)
—I— 
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APPENDIX C. Average P ercen tages o f  T ota l Counts ( -  S . D . )  fo r  E ight Compounds in  Twelve A ccessio n s
on C o lle c t io n  Date 1 (1 0 /1 3 /T 5 )
Taxon O r ig in a l
Loc at i on
Row A c c e ss i o n  Met hac ro l e i n  a - P i n e n e  Camphene 3 -P i ne ne  A rt h o l e  1 , 8 - C i n e o l e  p-Cymene Camphor
A* t r i d e n t a t a  SSp.  
t r i d e n t a t a
I n d ia n o la ,  San 
Pete  Co . ,  Utah














A- t r i d e n t a t a  SSP.  
t r i d e n t a t a
Dove Creek,  Dolores  
Co. ,  Colorado














A* t r i d e n t a t a  SSp.  
t r i d e n t a t a
Trough S p r i n g s , 'Hum­
b o l d t  Co . ,  Nevada














A- t r i d e n t a t a  SSp.  
v tjom in g e / is is
Trough S p r i n g s ,  Hum­
b o l d t  C o . , Nevada












A* nova f iant i Dump, San 
P ete  C o . , Utah














A nova Wingate Mesa, 
Utah












A* t r i d e n t a t a  SSp.  
v a se ga n a
Vfal lsburg,  Wasatch 
C o . , Utah












A, t r i d e n t a t a  SSp.  
v a s e v a n a *
Hobble Creek,  Utah 
Co. ,  Utah














A. b i g e l o v i i C a st le  Da le ,  Emery 
Co. ,  Utah
60 3 1.039±1.593 11.88+ 
9.251






















A. cana  SSP. 
v i s c i d u l a * ^
S o l d i e r  Summit, 
Wasatch C o . ,  Utah




























f p o s s i h l y  s s p .  t r i d e n t a t a
^ i n s u f f i c i e n t  l e a f  m a t e r i a l  f o r  a  second c o l l e c t i o n  on 3 /22 /76 VO
APPENDIX D. Average P ercentages o f T ota l Counts ( i  S . D . )  in  a Chromatogram fo r  E ight Compounds
in  E ight A ccession s on C o lle c t io n  Date 2 ( 3 /2 2 / 7 6 )
Taxon Or ig i na l  Location Methacro le in a - p in e n e camphene 6-p in en e a r t h o l e 1 ,8'Cineole P‘ cymene cqmphor
A. t r i d e n t a t a  SSD. t r i d e n t a t a I n d ia n o la ,  Utah 40 . 8 5 + 1 3 . 9 0 4 . 7 1 + 3 . 9 8 2 . 1 2 + 2 . 5 5 3 . 2 6 + 3 . 9 0 6 .6 5+ 1 . 6 9 5 .1 4 +2 .8 5 1 . 25 +1 .1 4 1 .4 6+2 .9 3
-
A.  t r i d ' j n t a t a  SSp. t r i d e n t a t a Dove Creek,  Colorado 5 5 . 04 +1 4 . 6 8 3 . 4 6 + 2 . 5 6 2 .4 6 + 0 . 8 9 1 .5 5+ 1 . 96 6 .3 6 +1 .4 2 2 . 7 1 + 0 . 5 8 0.50+^0.65 2 . 2 7 + 1 , 6 8
A.  t r i d e n t a t a  SSp. t r i d e n t a t a Trough S p r in g s ,  Nevada 27 . 71 +1 6 . 3 2 3 . 1 8 + 4 . 1 4 5 .82+4 .51 17 . 24+ 4 . 40 2 . 3 6 + 1 . 9 3 0 . 3 5 + 0 . 9 0 1 . 2 8 +2 .1 8
A. t r i d e n t a t a  SSp, wy o m in ge n s i s * Trough S p r in g s ,  Nevada 3 1 . 90 +7 .5 6 5 . 93 + 3 . 5 7 5 .3 1 +4 .7 5 18 . 10+ 7 . 40 3 .1 8 + 4 . 8 3 0 . 0 3 + 0 . 0 9 5 .9 4 +2 .8 3
A . nova Manti Dump, Utah 0 . 1 2 + 0 . 2 5 37 .1 8+1 0 .9 9 13 .1 9+ 3 . 46 2 . 5 2 + 1 . 7 4 3 . 0 0 + 3 . 9 0 4 . 1 9 + 2 . 6 4 7 . 5 0+ 6 .7 2 8 . 0 2 + 5 . 8 5
A,  nova Wingate Mesa, Utah 2 . 1 3 + 0 . 5 2 2 7 . 31 +6 .8 2 6 . 74 +5 .6 9 2 .5 3 +4 .6 2 3 .8 7+ 5 . 3 3 5 . 9 2 + 5 . 0 4 1 0 .8 5+ 3 . 86 8 . 3 3 + 8 . 5 3
A. t r i d e n t a t a  s sp . Wall sburg ,  Utah n .  00+7.34 3 . 2 9+ 3 .0 4 2 . 5 9 + 3 . 2 6 12 .90+7 .79 0 . 4 6+ 0 , 8 2 2 .8 0+ 3 . 4 9 ,
A. a r b u s c u l a  SSp. a r b u s c u l a Indian Peaks,  Utah 13 .57+7 .43 5 . 0 5 + 4 . 2 0 6 . 5 5 + 8 . 8 8 0 .5 2 + 1 . 0 6 2 . 00 +3 . 82 5 . 4 5 + 5 . 3 8 0 . 2 8 + 0 . 4 6 4 . 0 4 + 6 . 3 4




Appendix E. Gordon C reek study s i te ,  n e a r P rice , 
U tah. View is generally  no rthw est
